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OFFICE OF THE PRIME MINISTER 
TOKYO 


MESSAGE FOR THE UNITED STATES-JAPAN 
COOPERATIVE MEDICAL SCIENCE PROGRAM 


In January 1965, the U.S.-Japan Cooperative Medical Science 
Committee was founded in accordance with the Joint Communique 
issued by President Johnson and Prime Minister Sato. It gives 
me great pleasure to note here that, favored by the close and 
extensive cooperation of a number of prominent medical scientists 
from both countries, the Committee has been making constant 
progress, and this year the Committee celebrates its 20th 
anniversary. 


I believe that the progress made in the past five years, which 
was summarized in the form of the Fourth Five Year Report, will 
receive great appreciation as the result of the U.S.-Japan 
cooperation in the field of medical sciences for such a long 
period as 20 years. 





The history and achievement of this Committee toward the 
attainment of the worthy cause of elimination of diseases which 
still prevail in Asia show the steps of cooperative spirit 
between the United States and Japan. It is quite meaningful 

as an evidence of our friendly relationship, which has 
contributed to the improvement of the welfare of the Asian 
people. 


On behalf of the Government and people of Japan, I wish to take 
this opportunity to extend my hearty congratulations and to 
express my deep admiration to all the people concerned, including 
the Committee members, for their devoted efforts in promoting 
such eminent undertakings in spite of the various difficulties 
involved. 


Finally, I would like to express my best wishes for the furtherance 
of the Committee's activities and cooperative programs and 

believe that these activities and programs will continue 

to make significant contributions toward peace and welfare for 


Yasuhiro Nakasone 
Prime Minister of Japan 
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THE WHITE HOUSE 


WASHINGTON 


MESSAGE FOR THE UNITED STATES-JAPAN 
COOPERATIVE MEDICAL SCIENCE PROGRAM 


On behalf of the government and the people of the United 
States, I wish to extend my hearty congratulations to you 
on the occasion of the Twentieth Anniversary of the 
United States-Japan Cooperative Medical Science Program. 


This program which was founded by President Johnson and 
Prime Minister Sato in 1965 exemplifies the achievements 
that can be attained when dedicated scientists from our 
two great nations join together in an effort to alleviate 
the human suffering caused by disease and malnutrition. 


Over the years, this program has been guided by an 
enlightened joint committee that has had the foresight 
in directing research programs to take advantage of 
significant new discoveries and developments that have 
occurred in the biological and health sciences over the 
past two decades. 


As this most successful bilateral program moves forward 
into its third decade, we look forward to continued 

cooperation between the scientists of our two countries 
as they explore the medical and biological sciences and 





appropriate biotechnologies to combat, contain or eradicate 
disease and to advance the state of human health throughout 


the world. 


on 


Ronald Reagan 
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PREFACE 


Twenty years of continuous producti ~ scientific research performed jointly by two great 
nations is a unique milestone in the annals of medical history. The United States-Japan 
Cooperative Medical Science Program was wisely conceived in 1965 by President Johnson 
and Prime Minister Sato as a medium by which Japan and the United States might share 
their scientific affluence to benefit the underprivileged in Asia. Toward this end, plans 
were formulated with Doctors Toshio Kurokawa and Colin MacLeod in leadership roles. 
This culminated in the appointment of panels comprising competent scientists from cach 
country and the formulation of indicated guidelines and investigative plans of study. 
Foremost with each step, including the financial commitment of funds, was the broad aim 
to develop new and scientific knowledge of practical importance to alleviate human misery 
through better health practices. 

This volume is a concise review of two decades of scientific experiment and it details 
with sufficient coherence the achievements, new methods, new leads, and new directions 
which accrued during this exciting period. 

Success in science is often not measured over a short term. Time is often an important 
yardstick of quality. Moreover, a considerable degree of wise perception is necessary to 
avoid diffuseness and blind roads. The Joint Committee and its panels of scientists have 
pursued many important leads, often to their fulfillment. Fitting examples are the remarkable 
new method of treatment of patients with Asiatic cholera by oral fluid replacement and 
better treatment for the ancient scourge of leprosy. There are many others. 

More importantly, those responsible for the Program have recognized the likelihood 
of blind leads and have reshaped directions and guidelines in keeping with the develop- 
ment of new information and new technical opportunities. Study of the joint programs’ 
20-year experience reveals a flexibility. a trait so vitally needed if any long endeavor is 
to succeed. 

Members of the delegations and joint panels acknowledge the encouragement and substan- 
tial support provided by the Governments of Japan and the United States. 


Norio SUWA IVAN L. BENNETT. JR 


In addition to the joint United States-Japan editorial effort which went into the drafting 
of this document, acknowledgement is made of our extensive collaboration in the preparation 
of this scientific report to the 


NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES 
NATIONAL INSTITUTES OF HEALTH 
PUBLIC HEALTH SERVICES 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 











Dr. Ivan L. Bennett, Jr. 





Dr. Theodore FE. Woodward 





Dedication 


Dr. Ivan L. Bennett, Jr., has been a member of the U.S. 
Delegation since 1967, and has served as Chairman since 1972. 
Under his excellent leadership, the scope of the program has 
expanded and its activities are full of remarkable achievements. 
His committment to this program has bees. unparalleled. Dr. 
Bennett has played an active and ‘mpressive role as the 
Chairman, and it is no exagyeraticn to say that he contributed a 
great deal to the accomplishments cf th 's program. 

Dr. Theodore E. Woodward is the enly Delegation Committee 
member who has served from the bs ginning of the program, and 
he is most knowledgeable about the program. [i may be fair to 
say that he is the encyclopedia of this prograin. He has 
participated in preparing all the comimuniques, :eports, and four 
Five Year Reports. Through his warm personality and deep 
knowledge of medical science, he has worked as « major architect 
of the program. 

On the occasion of the 20th Anniversary of the '.S.-Japan 
Cooperative Medical Science Program, we would like to dedicate 
this Fourth Five Year Report of the U.S.-Japa’ Cooperative 
Medical Science Program to Dr. Ivan L. Bennett, -Jr., and Dr. 
Theodore E. Woodward. 

Moreover, we sincerely wish that both doctors --ill continue in 
good health and will be able to contr! hute forthe. to the 
improvement of this program designed to achieve b: tter health 
for the people in developing nations as well av in ou: ~wn 
countries. 
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JOINT COMMUNIQUE 
PRESIDENT JOHNSON AND PRIME MINISTER SATO 
JANUARY 12 and 13, 1965 


President Johnson and Prime Minister Sato met in Washington on January 
12 and 13, 1965, to exchange views on the current international situation and matters 
of mutual interest to the United States and Japan. They were assisted by Secretary 
Rusk and Foreign Minister Shiina and Secretary-General Miki of the Liberal 
Democratic Party. 


The President and the Prime Minister reviewed the present international situa- 
tion and reaffirmed the partnership of the two countries which grows out of com- 
mon beliefs and the shared objective of a lasting peace based on justice, freedom 
and prosperity for all people. They expressed a firm determination that the two 
countries should cooperate more closely in seeking this common objective. They 
agreed that for this purpose the two countries should maintain the closest contact 
and consultation not only on problems lying between them but on problems affect- 
ing Asia and the world in general. 


The President and the Prime Minister, recognizing the valuable role of the 
United Nations in the maintenance of the peace and prosperity of the world, ex- 
changed frank views on the difficult questions now confronting the United Na- 
tions, and agreed to continue cooperative efforts to strengthen the functions of 
the United Nations and to enhance its authority. 


The President and the Prime Minister, mindful of the many areas of human 
health which are of great concern to all the peoples of Asia, agreed to undertake 
a greatly expanded program of cooperation in medical science with respect to such 
diseases as malaria, cholera, schistosomiasis, tuberculosis, and stomach cancer, 
in addition to cooperative efforts on problems of air pollution and pesticides. As 
a first step to implement the agreement, they agreed to convene a conference of 
the foremost medical scientists from the United States and Japan to work out the 
details of the new program for discussion with other governments concerned. 


The President and the Prime Minister expressed their satisfaction with the 
meeting just held and their desire to continue to maintain close personal contact. 
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ABOVE: Inaugural meeting of the U .S.-Japan Cooperative Medical Science Program 
held in Tokyo, April 1965. Foreground, lef to right—Dr. Kurokawa (( hairman). 
Mr. Vasukawa, Mr. Ohane 
Francis, Macl cod (deceased, (hairman). Shannon, Bennett. Stankes. RIGHT: Former 
CoC hairmen of the Joint ( emmittee. Dr. Colin Mact cod and Dr 
(right). discussing an agenda item prior to the July 29-30, 1971 meeting. BELOW 

The opening session of the 12th Joint Committee Mecting held at the Ministry of Foreign 
Affairs in Tokyo, September 24-25, 1976 
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Ml table. left to right—Drs. Weedward, Watt. Aud. 


Ienhio Kurokawa 














ABOVE LEFT: Minister Nakayama, Japanese Government representative: Dr. Toshio Kurokawa, Chairman of the Japanese Delegation: Dr. Ivan L. 
Bennett, Jr.. Chairman of the U.S. Delegation: and Vir. Justin Bloom, U.S. Government representative, at the 12th Joint Commitice Meeting. ABOVE 
RIGHT: The 7th Joint Committee Meeting on July 29-0), 1971. in Bethesda, from left te right: back row —Mir. Pollack, Dr. Claff, Dr. Woodward, Vir 
Inumaru, Dr. Iwasaki, Vir. Nomura: middle row —Drs. Neel, Ivan Bennett, Jr.. Lennette, Marston, H. Stanley Bennett, \anagisawa, Tccizawa: front 
row —Drs. Dual, Macteed, Kurokawa, Soda. BELOW LEE T: Drs. Sasa. Someva, Fuakomi, and Suwa, attending a Subcommitice meeting in Bethesda 


on July 25, 1979. BELOW RIGHT: Drs. Jordan and Joho Seal (deceased) at the July 26, 1979 Joint Committee Meeting in Bethesda 

































ARBONNE: Miemhbers of the Viral 
Divas Panels at the Joint VMecting 
m Oise, Japan. September 9" 
‘ORS. from teft te rights 
members (left! irs. William Allen 
lhomas Voll, Phillip Russell 
\lhert Kapthian. and Neal Nathan 
von. Japanese members (right) Drs 
Nobuo Hashomoet: \hira tha 
Konmuke Fuohkar. Lasoke Kenne 
\hibthe Kawai 

1th loint Parasitic Diseases 
Panel Meeting at Un Nayawal 
August 1974 
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introduction 


This is the fourth in a series of reports for the U.S.-Japan 
Cooperative Medical Science Program (U.S.-Japan CMSP). 
These reports cover 5-year periods of Program events and scien- 
tific progress. The First Five-Year Report, 1965-1970. was 
adopted by the Joint Committee at its sixth meeting. The Sec- 
ond Five-Year Report, 1970-1975, was accepted by the Joint 
Committee at its 11th meeting. This publication was dedicated 
to Dr. Colin MacLeod, Chairman of the U.S. Delegation and 
Co-Chairman of the Joint Committee from 1965 until his death 
in 1972. The Third Five-Year Report, 1975-1980, was adopted 
by the Joint Committee at its 16th meeting. This report was 
dedicated to Dr. Toshio Kurokawa, Chairman of the Japanese 
Delegation and Co-Chairman of the Joint Committee from 1965 
until his retirement in 1979. The Fourth Five-Year Report, 
1980-1985, is dedicated to Dr. Ivan L. Bennett, Jr., Chairman 
of the U.S. Delegation and Co-Chairman of the Joint Commit- 
tee, and to Dr. Theodore E. Woodward, member cf the Delega- 
tion and of the Joint Committee since its inception in 1965. 

Preliminary discussions concerning the preparation of a 
Fourth Five-Year Report, 1980-1985, of the U.S.-Japan CMSP 
were held at the 19th Joint Committee meeting but it was not 
until the 20th meeting that the project was officially launched 
with a publication date set for July 1985. This fourth report is 
considered special because it represents two decades of con- 
tinuous collaborative effort and scientific exchange between 
scientists of Japan and the United States. Noteworthy is that 
the Program continues to gain momentum with the passing 
years. 

The Joint Committee agreed that the same general format used 
for previous reports be adopted and that the U.S. Delegation 
accept the responsibility for designing the cover, a responsibility 
that alternates between the two countries. The Joint Commit- 
tee accepted the recommendation of the Subcommittee that ‘*The 
Historical Review of Program Guidelines, 1965-85"" be in- 
cluded in this report. 


ORGANIZATION AND HISTORY 


In January 1965, the President of the United States and the 
Prime Minister of Japan met in Washington, D.C... to discuss 
many important matters concerning the two nations. It was dur- 
ing this meeting that the two heads of state agreed to undertake 
a greatly expanded, joint cooperative research effort in 
biomedical sciences, concentrating on health problems of 
recognized importance in Asia. The new bilateral program was 
named the United States-Japan Cooperative Medical Science 
Program (U.S.-Japan CMSP). 

Medical advisers from the respective countries met in April 
and again in October of 1965, selecting cholera, leprosy. 
parasitic diseases, tuberculosis, and viral diseases as initial areas 
for collaborative research. In 1966, research on malnutrition 
was added, and 6 years later, in 1972, the Program was broad- 
ened to include investigations on environmental mutagenesis and 
carcinogenesis. In 1979, research on viral hepatitis, a disease 
of worldwide importance, was added, expanding the program 


from seven to eight disease areas. This was not to be the 
last addition becausc the Program continued to gain momen- 
tum and grow. In 1981. a decision was made to include im- 
munology as a new research area. since it had direct applica- 
tion to most, if not all, the other cight areas. 

The Program was defined to operate within a bilaterz! govern- 
mental framework which could involve scientists and facilities 
in Third World countries in collaborative efforts of mutual in- 
terest. Cooperation with the Worid Health Organization (WHO) 
has always been considered appropriate and has been 
encouraged. 

The relevant regions in Asia are not specifically delineated 
but are generally understood to include the Republic of Korea 
in the north, India and Pakistan to the wesi, and other interven- 
ing nations in the broad Pacific basin. 

The United States and Japan each support the costs of its own 
scientific projects and meetings. Research by U.S. scientists ts 
funded by the United States Government and that of Japanese 
scientists by the Japanese Government. 

The Joint Committee ts expected to advise its respective govern- 
ments on the scope. direction, and other broad aspects of the pro- 
gram and to develop review procedures necessary to assure fulfill 
ment of the objectives for which the program was established. 

The panels have achieved significant progress in their respec- 
tive areas of research. To keep the research focused, cach panel! 
developed specific guidelines which have been appropriately 
refined and modified as research progressed. The results of the 
three previous publications are briefly summarized in this cur- 
rent report. 

The fourth 5 years of the Program saw further progress 
through increased participation of scientists in collaborative 
research and through successful conferences which provided 
a forum for active discussion, careful analysis of data, and 
mutual stimulation of the total research effort. 


ACTIVITIES OF THE JOINT COMMITTEE 


During the fourth 5-year period, Joint Committee meetings 
continued to be held annually, alternating between the United 
States and Japan. The meetings of the Joint Subcommittee on 
Program Review and Planning were held in Hawaii each 
February and again just prior to the Joint Committee meetings. 

In 1980, the 16th Joint Committee meeting was held in Tokyo. 
A Third Five-Year Report, 1975-1980, describing the scien- 
tific progress and administrative activities of the U.S.-Japan Pro- 
gram, was adopted and dedicated to the former Chairman of 
the Japanese Delegation and Co-Chairman of the Joint Com- 
mittee, Dr. Toshio Kurokawa, who was present to receive this 
special tribute from his colleagues. Preceding the Joint Com- 
mittee meeting, a very successful Immunology Symposium was 
held. The Joint Commitice was pleased with the content of the 
symposium, and enthusiastically recommended that the 
organizers prepare research guidelines as a preliminary step for 
including immunology as a new research area in the U.S.-Japan 
Program. 











New initiatives under the Japan-United States Non-Energy 
Res:arch Cooperative Agreement were discussed by the Joint 
Committee, particularly vaccine development and research on 
interferon and other antiviral substances. It was the consensus 
that it was unnecessary to create special panels for vaccine 
development, and little enthusiasm was expressed for vaccines 
lying Outside programmatic interests. The development and pro- 
duction of chemical antivirals was not felt to warrant immediate 
action, since pharmaceutical companies were already involved 
in this area. However, it ts considered important that scientists 
in the two countries maintain a dialog about developments in 
these areas. An interest in interferon is to be explored sometime 
in the future. 

The 17th Joint Committee meeting was held in Bethesda on 
July 16 and 17, 1981. Just prior to this meeting, the Leprosy 
and Parasitic Diseases Panels held informative conferences. The 
joint conferences initiated a year of formal review that was com- 
pleted at the 18th Joint Committee meeting. Deliberations on 
the relationship of interferon to the U.S.-Japan program were 
completed. The Committee decided that a new program on in- 
terferon not be formed, although an agreement was made that 
exchanging information and keeping the Committee informed 
of new developments was the responsibility of all panels, but 
especially the Hepatitis and Viral Diseases Panels. 

The Joint Committee enthusiastically approved the Im- 
munology Board as a new addition to the U.S.-Japan 
Cooperative Medical Science Program, increasing the number 
of program areas from eight to nine. The categorical designa- 
tion of *‘Panel’’ was replaced by “‘Board’’ to indicate a 
discipline- rather than a disease-oriented research emphasis. 
Support for the Board was to be provided by the Ministry of 
Education rather than the Ministry of Health and Welfare. 

The Joint Committee initiated discussions on possible options 
for reducing Program-associated costs without compromising 
the quality of scientific research. The fiscal difficulties appeared 
to be more acutely related to the United States than to Japan. 
This topic was referred to the Subcommittee on Program Review 
and Planning for additional discussion and for recommendations 
to be presented at the 18th Joint Committee meeting. 

The review criteria developed in 1971 by the Subcommittee 
for panel review and evaluation were modified. As originally 
designed, six questions required written answers by the 
reviewers. The sixth and last concerned the final disposition 
of the panel. The Committee decided that this placed a respon- 
sibility on the reviewers that ought to be borne by the Commit- 
tee. Consequently, the review criteria were modified to reflect 
this decision. 

In 1982, the 18th Joint Committee met in Tokyo on July 22 
and 23. The reviews of the Leprosy and Parasitic Diseases 
Panels were completed with the reviewers recommending that 
these panels be continued. It was at this meeting that the Joint 
Committee made the decision that henceforth the Leprosy and 
Tuberculosis Panels would hold combined meetings. Since the 
two panels shared areas of mutual interest, it was felt that such 
a realignment would strengthen both programs. Each panel was 
to maintain its identity as a distinct and separate entity, but com- 
mon mycobacterial research interests were to be pursued joint- 
ly. Also, the Joint Committee recommended that the Joint 
Parasitic Diseases Panels plan a symposium to review the state- 
of-the-art of parasitic diseases research prior to an in-depth 
review of the panels’ research guidelines. 
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The 19th Meeting of the Joint Commitice of the U.S.-Japan 
CMSP was held at the National Institutes of Health in Bethesda. 
Maryland .»n July 21 and 22. 1983. The 3 days prior to this 
meeting. the Joint Parasitic Diseases Panels held a very suc- 


cessful **Symposium on Current and Unresol» * Yblems in 
Parasitic Diseases."’ Immediately following the «+: 7an, the 
panels prepared revised guidelines and submitt. for con- 


sideration by the Joint Committee who in turn referred them 
to the Subcommittee on Program Review and Planning for 
thorough review and evaluation. These guidelines were an agen- 
da item at the 20th Joint Committee Mecting. 

The dialog for reducing Program costs was continued from 
the last Joint Committee meeting. After considering several 
alternatives, the Committee recommended that whenever possi- 
ble the annual joint panel and board conferences be held in con- 
junction with large domestic or international meetings in an at- 
tempt to conserve travel funds, since a number of the involved 
scientists would, in all likelihood, already have received travel 
support. Joint conferences or panel meetings were to be held 
in association with important international meetings provided 
this arrangement did not disrupt the budgetary allocations of 
either Japan or the United States or compromise program 
continuity. 

The review reports of the Joint Panels on Tuberculosis and 
Viral Diseases were accepted by the Joint Committee who 
recommended that these panels be continued. 

In 1984, the 20th Meeting of the Joint Committee was held 
in Tokyo on July 19 and 20. Since no joint scientific conferences 
were planned for the first 2 days of the week, the Japanese 
Delegation hosted a field trip to Tsukuba City (Science City) 
for the U.S. Delegation and invited guests. Both Delegations 
agreed that the visit was very informative, since much had been 
learned about the educational concepts of the University and 
of applications of high energy physics to biomedicine, especially 
for improved cancer diagnosis and therapy. 

Since the Joint Hepatitis and Environmental Panels had held 
scientific conferences in conjunction with other meetings, the 
morning of Wednesday, July 18, was set aside for the Chairmen 
and selected colleagues to present scientific progress since their 
last formal review. The presentations were held simultaneous- 
ly in separate rooms in the new building of the Ministry of 
Health and Welfare. The sessions were well attended by Delega- 
tion members and other interested members of the Japanese 
scientific community. The Joint Committee was pleased with 
the arrangement and agreed that such a format provided the Pro- 
gram with an additional degree of flexibility. These presenta- 
tions initiated a year of formal review for the two panels. 

The expanded guidelines for the Joint Parasitic Diseases 
Panels were accepted as recommended by the Joint Subcom- 
mittee on Program Review and Planning. Although the 
workscope was expanded, the language used was sufficiently 
selective to prevent diffuseness. 

At this meeting, the Joint Committee suggested that the Joint 
Malnutrition Paneis plan a symposium to review current 
research in the field of nutrition. After the symposium, the 
guidelines will be evaluated in terms of technological develop- 
ment and new research opportunities. The symposium will in- 
itiate a year of formal review for these panels. 

Plans were made for orgarizing and publishing the Fourth 
Five-Year Report, 1980-1985. This report represents two 
decades of scientific achievement by the U.S.-Japan CMSP. 





GUIDELINE CHANGES, 1965-85 
Preface 


The prevalance of human misery caused in large part by 
widespread illness prompted President Lyndon Johnson and 
Prime Minister Eisaku Sato to propose a cooperative Medical 
Science Program whose goal would be to improve the health 
of the people of Asia. Acting promptly and with objective preci- 
sion, the two senior science advisers, Colin MacLeod, M.D. 
and Toshio Kurokawa, M.D., carefully and wisely recruited 
leading biomedical scientist, from the United States and Japan 
to plan the program. Through working conferences and 
seminars, they formulated plans and established practical 
guidelines which culminated in the evolution of a workable and 
practical medical science program. A measure of its success 
is this report, which marks the end of two decades of joint scien- 
tific endeavor between two nations whose goal is to assist in 
the welfare of others. The current Co-Chairmen, Dr. Ivan L. 
Bennett, Jr. and Dr. Norio Suwa, not only continue the estab- 
lished traditions but through their wise guidance have sharp- 
ened focus in some areas and broadened the scope in others. 

Honorable Edwin O. Reischauer, the U.S. Ambassador to 
Japan, received the eight U.S. Delegation members in 1965 at 
the Embassy in Tokyo, and during the briefing remarked that 
timing for initiation of the Joint Program seemed to be unfor- 
tunate because of the current sensitivity and unrest in Japan 
caused by the Vietnam experience. A few hours later the United 
States delegates met with their Japanese counterparts, for the 
first time, at the National Education Hall. 

In his opening remarks, Dr. Kurokawa likewise commented 
that matters had changed since President Johnson and Prime 
Minister Sato had proposed the initiation of a Joint Medical 
Science Program. In spite of these concerns, these reservations 
were not considered as a deterrent to members of the respec- 
tive Delegations. The charter group met frequently and held 
objective and open-ended discussions which resulted in a pro- 
gram which has become a model of cooperative medical research 
between two major nations. Credit is due to the dedicated, im- 
aginative, and capable persons of this founding group who 
planned the goals and guidelines, recruited the key scientific 
personnel, and helped acquire the resources necessary to achieve 
the desired objectives. 

In 1965, the approaches to take were uncharted and unclear 
simply because the magnitude of health problems exceeded the 
availability of resources as well as the possible limitations to 
recruit competent scientists with ability and adequate time to 
contribute. To these aims, after much discussion, sifting of 
reliable epidemiologic data, and evaluation of the feasibility of 
success, the joint delegation established five panels. Panel 
Chairmen received guidance and logistic support and were 
charged with further recruitment of working scientists. They 
were expected to formulate defined standards and objectives 
within the guidelines, subject to approval of the Joint 
Committee. 

The initial disciplines chosen for study, in the form of panels, 
were cholera, leprosy, tuberculosis, and parasitic and viral 
diseases. 

Cholera was a natural study choice because of its wide Asian 
distribution and its very significant contribution to high mor- 
tality. Neither its pathogenesis, means of prevention, or treat- 
ment were understood, although inroads into these problems 


had been initiated by other agencies such as the U.S. Navy 
Research Unit in Taiwan, and the Southeast Asia Treaty 
Organization Laboratory in Dacca managed by the U.S. Na- 
tional Institutes of Health. There was good reason to expect ad- 
ditional emphasis and ultimate success under aegis of the U.S.- 
Japan Cooperative Program. 

In spite of similar limitations of scientific data regarding tuber- 
culosis and leprosy, it was patently apparent that new informa- 
tion in pathogenic mechanisms, characterization and purifica- 
tion of the respective antigens, and better chemotherapeutic and 
prophylactic techniques were required if tuberculosis and 
leprosy were ever to come under better control. 

To avoid diffuseness and to assure effectiveness, the program 
in parasitic diseases was purposely limited to the study of 
schistosomiasis and filariasis. These two diseases afflict millions 
of children and adults in Asia. Gaps were obvious in the 
understanding of the fundamental technical information need- 
ed to detect, treat, and prevent them. Malaria was excluded for 
study simply because other agencies, including military agen- 
cies, were already intensively evaluating the problem. 

Difficult months were ahead for the Viral Diseases Panels, 
not related to a limit of study categories. The U.S. panel suon 
initiated work on rabies, smallpox vaccine, dengue, and other 
arbovirus infections. The Japanese panel, after unavoidable 
days in organization, finally came into focus and picked up 
lost time. 

Japanese authorities could not have better accomplished their 
organizationa! planning during this early period as was evi- 
denced by their careful choice of members to the delegation and 
panels. The same may be said for the United States. 

This is a brief historic description of those events which 
culminated in the U.S.-Japan Cooperative Medical Science Pro- 
gram. To follow is a documented account of the indicated and 
relevant changes in guidelines and direction which typify the 
flexibility rather than unbending rigidity that the Joint Delega- 
tions have pursued in quest of their common objectives. 


Purpose 


A review of the guidelines of the U.S.-Japan CMSP was 
undertaken upon the request of the Joint Committee to show 
how the panels’ guidelines evolved and how they have changed 
from 1965 to 1985. 


Background 


Considerable thought and effort was expended in developing 
appropriate guidelines for each of the panels. In addition, it was 
recognized that if collaborative research were to evolve it would 
be necessary to have available in both countries sufficient staff, 
ample funding, and necessary research materials or specimens 
to pursue the stated research objectives. It was understood that 
scientists in both countries would have special research interests, 
and this was considered a strength, provided the research ef- 
fort was complimentary to the overall program effort. 
Exchanges of reagents, research materials, and personnel were 
encouraged. A great deal of emphasis was placed on develop- 
ing an active fellowship exchange program. Funding was pro- 
vided for the Japanese Delegation, and scientists traveled from 
Japan to work in U.S. laboratories. Unfortunately, funds were 
never provided by the U.S. Delegation and a fellowship pro- 
gram was never formally established. In spite of the lack of 
specific funding, an informal exchange of scientists is still 
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encouraged by both sides. with more Japanese scientists par- 
ticipating than Americans, but the formal guidelines were even- 
tually modified and all references to a fellowship exchange 
program were omitted. Annual joint meetings of pancls were 
to be held, alternating betwe.n Japan and the United States. 
These meetings served as the mechanism for developing col- 
laborative programs. 

The guidelines were and still are the basis for including 
research projects in the U.S.-Japan Program. and are the basis 
for developing conferences, symposia, and workshops. 
Guidelines changes approved by the Joint Committee may alter 
program emphasis or content. 

In 1970, the Joint Committee established a Subcommittee on 
Program Review and Planning which meets twice vearly and 
writes criteria for the formal evaluation of cach panel once every 
5S years. The intent of the guidelines was really the linchpin for 
developing the review criteria. 


Origin of the Program 


The U.S.-Japan CMSP was the result of a meeting between 
Prime Minister Sato and President Johnson in Washington. 
D.C. on January 13, 1965, at which time the two heads of state 
decided to undertake a cooperative medical science program 
for improving the health of the people of Asia. To implement 
this cooperative agreement, a Joint Planning Committee com- 
posed of prominent scientists from both countries met in Tokyo 
April 19-21. 1965, to develop the organizational structure of 
this new program. The diseases selected for study were cholera, 
leprosy. parasitic diseases (schistosomiasis and filariasis), tuber- 
culosis, and virus diseases. Panels for each of the diseases or 
disease categories were to be appointed prior to the October 
4-7, 1965. Honolulu conference. Although malnutrition was 
recognized as an important area for consideration, 1 was felt 
that additional information was needed before adding it to the 
program, so an ad hoc planning committee was appointed to 
develop a study plan. 


Development of Research Goals and Objectives 


The Joint Committee and five panels met for a conference 
in Honolulu October 4-7, 1965, to review the status of each 
disease and to develop appropriate research objectives and goals 
for each of the five panels. These are presented as recorded 
in the final report of that meeting: 


Cholera Panel 


The members of the Cholera Panel unanimously propose that 
an interchange of Japanese and Americans engaged in cholera 
research be initiated in the immediate future, that the possibili- 
ty of establishing new locations for collaborative field work be 
thoroughly explored, and that the following specific research 
programs be vigorously pursued: 


1. Notwithstanding the recognition of the role of sanitation 
in the ultimate eradication of this disease, the highest priority 
in the overall program should be assigned to the development 
of an effective vaccine which consistently confers long-term im- 
munity against cholera. Major emphasis must be placed on the 
improvement of whole-cell vaccines, with studies directed 
toward development of effective adjuvants, and the selection 


of strains and cultural conditions for maximuin antigen produc- 
tion. Further efforts will be directed toward the isolation and 
purification of protective antigens. Studies must be insuated to 
determine *vhich antibodies confer mmmunaty in the laboratory 
model as well as in humans. Efforts wall also be made. im col- 
laboration with the World Health Organization, to standardize 
methods used in the assay of vaccines. 

2. Immediate full-scale efforts must be directed toward 
development of more effective treatment of pediatric cholera 
patients and toward demonstrating the cffectiveness and prac- 
ticality of a single standard intravenous clectrolyte replacement 
regimen in treating large numbers of patients in epidemic + itua- 
tions. In this respect. immediate steps must also be taken to 
develop a laboratory model in a large animal ic.g.. the monkey 
or chim, anzee) in which a disease closely simulating human 
cholera can be consistently established. 

3. The establishmen of a cholera surveillance system, w- 
cluding collection of appropriate specimens throughout Asa. 
should be undertaken in collaboration with the World Health 
Organization. This system should monstor bacterial resistance 
patterns as well as serotypes and bacterial phage types. Efforts 
directed toward development of better methods to identify the 
carrier state will include further evaluation of phage techniques 
and search for spheroplast forms of V. cholerae ca comvales 
cent cholera patients. 

4. Bacteriologic investigations should include further viatuli 
ty studies, evaluation of new selective media, studies of the role 
of noncholera vibros in disease. and studies of bacterial genetics. 
including drug resistance patterns. 

5. Studies of pathogenesis of cholera should be directed 
toward determining which toxin(s) cause the pathophysiologic 
disturbances in the cholera patient. the mechanism of action of 
the toxin(s), and the chemical characterization and «mmunologic 
properties of such toxin(s). 

6. Additional clinical studies should be designed to establish 
the minimal effective therapeutic dose and route of administra- 
tion of two or more antimicrobial agents and to find an 
economical method of prophylaxis effective in epidemic 
situations . 


The widespread dissemination of cholera during the past 5 
years, and the unnecessarily high fatality rate in patients affected 
by this disease, emphasize the urgency of the implementation 
of the above proposals. It is the strong feeling of the Joint 
Cholera Panel that the vigorous and integrated efforts of the 
U.S.-Japan CMSP will succeed in achieving its two major goals: 
the immediate goal of making effective therapy available to 
cholera patients throughout Asia, and the long range but 
ultymately more important goal of developing an effective vac- 
cine which consistently confers long-term iminunity against 
cholera. 


Leprosy Panel 


The U.S.-Japan Panel on Leprosy devoted its vttention to a 
discussion of the leprosy research that needs ic be undertaken 
as an assistance to those regions of Asia where the disease ex- 
ists as a problem of great public health wnporwace. The joint 
panc! found itself in complete agreement on the measures to 
be undertaken, and in its sessions enjoyed discussion and ex- 
change of information of great benefit. 





ht agreed t:at the following scientific arcas deserve special 


1. Cultivation. The inability to grow Mycobacterium leprae 
in vitro is a major impediment to research progress. This topic 
is already receiving major attention in the two countries. but 
increased efforts are indicated. Atiempts should be directed 
toward growth in tissue culture, and im an artificial medium 


2. Animal tressmission. 


a. Anexperimental system for the growth of M. leprac. 
the mouse foot pad system, is currently available. and 1 should 
be introduced into more research laboratories. especially to assist 
the other work described here. Improvements in the system 
should be sought in increased bacillary growth. both locally and 
systemically. Increased yield would supply bacilli for other 
research. 

b. Other animal models should be sought. since they 
might also mect these same needs. A systemic infection might 
provide a more complete reproduction of systemic human 
disease. 


3. Drugs against leprosy. The drugs availoble at present, 
though eventually effective in nearly all case.. must be ad- 
ministered for many years, and lepra reactions occur im many 
patients. 


a. The currently available experimental system should 
be utilized by more laboratories to search for new drugs. We 
would hope to interest pharmaccutical firms in the search also. 

b. There is need for increased clinical testing of new 
drugs and of modification involving older drugs. especially 
sulfones. 

¢. Increased participation by pharmacologically trained 
scientists 1s needed for these efforts. 

d. Investigation into the mechanism of lepra reactions 
and drugs to prevent them also are needed. 


4. Chemoprophylaxis has great potential value as a method 
of leprosy control in developing countries. It is necessary to 
learn more about the minimal effective blood and tissue levels 
of such drugs as DDS, and how these might be achieved with 
presemt preparations and modifications thereof. If the results 
are favorable, field trials would be indicated in the future. 


5S. Vaccination is also of great potential value as a control 
method in developing countries. BCG has prophylactic activi- 
ty against M. leprae in mice, and experience suggests that it 
is effective in homans also. Field trials are now being carried 
out by third countries and their results are expectea soon. When 
these are available, it may be indicated for us to consider fur- 
ther field trials of vaccine. 


6. Amigens similar to lepromin and mechanism of 
lepromin reactions. The lepromin test has been used as a 
method to measure the responsiveness of the human body to 
M. leprae. However, the collection of materials for the pro- 
duction of lepromin is becoming increasingly difficult. We must 
consider research on substitutes for lepromin by antigens of 
similar quality. The immunological significance of lepromin 
reactivity is not yet clarified, and studies should be undertaken 
in this area 


The two panels also agreed that the following general sup- 
portive measures should also be adopted, in order to attract new 


research talent into leprosy research and to increase the pro- 
ductivity of those already working in the field. 

1. Post-doctoral fellowships for research specifical'y on 
leprosy in research laboratories and in leprosy-endemic areas. 

2. Grants for short-term visits of a few months to endemic 
areas by younger research scientists who express genuine in- 
terest for working experience with leprosy. 

3. Grants for short-term visits to endemic areas by more 
mature scyventists to encourage them to undertake research on 
leprosy. 

Items (2) and (3) are stimulated by past difficulties in pro- 

viding opportunities for scientists to gain first-hand ex- 

perience with the disease. 

4. A supply of clinical materials, especially skin biopsies. 
for qualified scientists in our Countries. Present research efforts. 
especially in cultivation, are very seriously thwarted by insut- 
ficient supplies of this material. 

5. In Japan. a General Meeting on Leprosy has been held 
annually for many years. It is hoped to establish an annual 
research conference on leprosy in the United States. Ar- 
rangements should be made to enable U.S. and Japanese scien- 
tists to participate significantly in one another's conferences. 
In addition, joint U.S.-Japan conferences should be held 


Parasitic Diseases Panel 


Schistosomiasis and filariasis are diseases that afflict hundreds 
of millions of people and cause untold human suffering and 
economic loss. They inhibit the development of emerging na- 
tions. They must be eradicated. 

The combined U.S.-Japan Panel on Parasitic Diseases has 
come to an agreement as to which research areas should be 
fostered to develop effective measures of control and cradica- 
tion of these two helnanthic infections. The panel has also agreed 
on various means by which its recommendations for enhanced 
research may be fulfilled. 

The research areas recommended include very broad prob- 
lems: It is necessary to continue study of discase transmission 
in relation to the natural environment, and it is essential also 
that experimental laboratory approaches be exploited. These 
statements apply both for schistosomiasis and filariasis. 

Somewhat more specifically, the U.S. and Japanese panels 
have pooled their ideas on the relative importance of various 
research approaches. For schistosomiasis, it is believed that 
work is necessary on the following subjects: biology and 
biochemistry of the parasite and its vectors, especially in rela- 
tion to the differences which exist between Schistosoma 
japonicum and other human schistosomes, and which may ac- 
count for differences in pathogenicity and susceptibility to drugs: 
chemotherapy and chemoprophylaxis, immunology and 
serology: pathology and clinical evaluation; and ecology and 
epidemiology. For filariasis, the items of high priority are the 
study of the mechanism of action and the pharmacology of an- 
tifilarial drugs; the biology and biochemistry of the vector and 
parasite; and immunology and serolog: ; redefinition of the 
clinical disease, its pathogenesis and pathology; and 
epidemiology and ecology. 

The importance of these research areas obviously compels 
additional support. Each country has special interests, ex- 
periences, and qualifications, and undoubtedly the efforts which 
will evolve in each country will depend on the labor resources 
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and the material available for study. The panel recommends also 
that collaborative research programs be developed that will allow 
for the most effective utilization of combined Japanese and 
American conceptual and technical abilities applicable to the 
large task at hand. 

In this connection, i is recommended that the exchange of 
scientific personnel between the two countries be enhanced. The 
exchanges should be for research training and for the prosecu- 
tion of research. They would allow for training in laboratory 
and field techniques in both countries. and for the utilization 
by experienced investigators of the research material now 
available. 

In addition to exchange of personnel, it is important that ex. 
change of research materials and information be facilitated. 
Laboratory investigations in both countrics could be encour- 
aged by the exchange of parasite and vector species. The ex- 
change of information should be organized to include listings 
of laboratories and workers and their special research interest 
in both countries, and data on special training and research 
facilities. Furthermore, a scientific newsletter issued at regular 
intervals, perhaps twice a year, would provide for better 
awareness on the part of cach national group of the research 
progress of the other. 

Finally, the combined panel believes that it would be very 
helpful to sponsor conferences on special research problems. 
bringing into the discussion third-country participants and 
specialists from other disciplines. A propitious time for a first 
conference would be just prior to the Pacific Science Congress, 
August 1966. The combined panel has agreed to choose the topic 
for discussion from among the following: comparative 
physiology and biochemistry of Schistosoma mansoni and S. 
japonicum, pharmacology and mode of action of selected drugs 
against schistosomiasis and filariasis, particularly diethylcar- 
bamazine and an anti-schistosomal nitrothiazole compound; 
evaluation of present immuno-diagnostic tests for schistosomia- 
sis and filariasis in relation to (a) development and presence 
of functional immunity and (b) determination of therapeutic ef- 
ficiency of drugs; or pathological and clinical studies on filariasis 
and schistosomiasis. 

The combined panel submits the above recommendations to 
the ').S.-Japan Committee with a sense of urgency. It is indeed 
time that a concerted attack be made on schistosomiasis and 
filariasis. It remains only for us to thank the Committee for this 
opportunity to present the needs for work on these discases and 


to develop a program that will have a significant impact on them. 
Tuberculosis Panel 


The Joint Tuberculosis Panel of the U.S.-Japan Cooperative 
Medical Science Program recognizes that all areas of tuber- 
culosis research are important and require strengthening. Under 
this joint program, however, the greatest practical achievements 
can be attained by the expansion and coordination of research 
in the field of tuberculosis immunology. 

The program recommended involves the utilization of new 
technology and new knowledge developed in the general fields 
of biochemistry and immunology to solve specific problems in 
tuberculosis immunity and allergy. This work will bring about 
an increased understanding of the mechanisms of immunity and 
hypersensitivity in tuberculosis and the development and testing 
of new potential agents for immunization against tuberculosis. 

Under this program, cach government should support the 
necessary expansion of research facilities, research activities, 
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and training of scientists. This will involve establishment of new 
laboratories, modernization of existing facilities. and traming 
of both new and established scientists im the use of new tools 
and techniques. 

Greater collaboration between American and Japanese scien- 
tists is essential to the implementation of this program. This 
collaboration should basically and promptly take three forms: 


1. The first is the establishment of better means of written 
communication between Japanese and Americans working in 
the field of experimental tuberculosis. 

2. The holding of joint conferences in Japan and in the 
United States where the scientists of these and other countries 
can meet and exchange new, first-hand information in both a 
formal and an informal 1..anner. The first conference should 
be held in Japan in the spring of 1966 in conjunction with the 
U.S.-Japan Cooperative Research Conference on Leprosy. 

3. The facilitation of the exchange of working scientists be- 
tween cooperating laboratories in Japan and in the United States. 


Virus Diseases Panel 


The joint deliberations of the United States and Japanese 
Panels on Virus Diseases resulted in a consensus that research 
and investigations on virus discases at this stage of planning 
should be focused on two major areas, viz.: the arthropod-borne 
viruses and the respiratory viruses. 

Because of the limitations of talent, labor, and finances, it 
becomes necessary to circumscribe the areas at which research 
should be directed. In consequence, six arboviruses are regarded 
as of primary importance. These are: 


Japanese encephalitis 

The dengue viruses 
Chikungunya 

Kyasanur Forest disease virus 
Murray Valley encephalitis virus 
West Nile virus 
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However, it would seem desirable for the immediate future 
to concentrate on two, namely Japanese encephalitis virus and 
the dengue complex. 

With tegard to Japanese encephalitis, it 1s a joint panel recom- 
mendation that studies directed at strain differences and at im- 
munity and prevention have a priority position. It is important 
to determine whether actual strain differences occur, both with 
respect to differences that arise over a temporal span and as 
a reflection of geographical distributions. The importance of 
such differences lies not only in their representing differences 
in the reservoir host and in reservoir-vector relationships, but 
also in determining which ctrains are important for inclusion 
in vaccines. The panel also recommends that studies be con- 
ducted on the pathogenesis of Japanese encephalitis and on the 
relation of immunity to reinfection. Additional studies are highly 
desirable on the ecology of reservoir hosts, with special atten- 
tion directed at the situation that exists in interepidemuic periods. 
Last, it appears cogent to determine if minor infections, and 
even inapparent infections, with Japanese encephalitis virus give 
rise to damage of the central nervous system, with subsequent 
appearance of psychiatric problems and mental retardation. 
Therefore, it is recommended that long-term followup studies 
with psychometric measurements be conducted on children suf- 
fering mild or subclinical infections. 








In the dengue complex of viruses, studies should be directed 
to the resolution of what underlies so-called “*hemccthagic 
fever"’ in Southeast Asia; i.c.. is this phenomenon a reflection 
of differences in virulence of dengue virus strains, or of dif- 
ferences in the genetic background of the host? Along these 
lines, information ts needed as to whether preexisting antibody 
to other Group B arboviruses predisposes to serious complica- 
tions consequent upon a dengue virus infection. Studies are also 
needed to determine the extent, if any. to which infection with 
one Group B arbovirus confers protection against infection with 
another. The large epidemics of dengue which have occurred 
at frequent intervals point to the need for vaccines, and these 
are mentioned further below. 

As concerns the respiratory viruses, primary attention should 
be given to the influenza viruses. It is desirable to determine 
whether Asia gives rise to new strains and what the reservoir 
of the virus might be in this area. Studies are also desirable to 
determine whether influenza viruses are transmissible between 
human and animals in a human environment, as an example. 
the relationship of equine influenza to human influenza. Studies 
on virulence and variation of influenza viruses are deemed 
necessary to a better understanding of the epidemiology and im- 
munology of the disease. It is also recommended that physiologic 
studies be conducted on the pneumonitis produced by influen- 
za viruses. It is necessary also that studies be continued and 
expanded with respect to influenza virus vaccines. 

The parainfluenza viruses are of unquestioned importance. 
but a knowledge is needed of the incidence or prevalence of 
infections with these viruses in children in Asia. It is recom- 
mended that information be obtained on this point as a requisite 
for future studies. It is also recommended that, when studies 
on nutrition are undertaken in various areas, studies on 
respiratory and other viral diseases be undertaken simultanecous- 
ly to determine whether these diseases present the same or dif- 
ferent manifestations in malnourished populations. 

On the matter of adenoviruses, the joint panel recommends 
at this time only that new culture systems be sought that will 
eliminate contamination of adenoviruses with adventitious 
viruses. This will greatly increase the safety margin, with respect 
to oncogenicity, of adenoviruses used for vaccines. In the mat- 
ter of RS, or respiratory syncytial viruses che panel recognizes 
the difficulties that have been associated with the production 
of a vaccine and recommends that studies be expanded toward 
development of a vaccine utilizing purified viral fractions. 

Vaccines have been mentioned in relation to the arboviruses 
as well as the respiratory viruses. The development of such vac- 
cines rests on a number of common factors, among which might 
be mentioned the desirability of fractionating viral preparations 
and studying such fractions for their antigenic capacity and pro- 
tective properties. By analogy with what is known about a 
number of viruses, it would seem likely that immunogenic frac- 
tions can be separated out. 

Such fractions would be useful in the preparation of vaccines 
from various arboviruses and studied from the standpoint that 
sequential immunization with a series of different viruses would 
lead to a broad protection. Consideration must also be given, 
however, to the postulated possibility that a dengue virus in- 
fection in a child with pre-existing antibody to other Group B 
viruses may give rise to a massive anaphylactoid reaction. 

Although much work has been done on influenza vaccines, 
additional studies are recommended on the use of multiple an- 
tigen vaccines; i.¢., vaccines containing active antigenic frac- 
tions from different and distinct viral strains. Comprehensive 


inquiries should also be directed at the usefulness and cffec- 


trveness of adjuvants, whatever their nature. in sumulating high 
levels of antibody and prolonging their persistence. 

In addition. 1s deemed advisable to study also the relation- 
ship of non-virion antigens to immunity. As a corollary. the 
relaiionship of such viral fractions and non-virion materials to 
the immunologic cross-reactions which occur between ar- 
ea ean See utilizing all of the 
recently developed immunologic methods 

Aside from the two major areas, viz. arboviruses and 
respiratory viruses, on which attention and cffort should be 
of smallpox should be given consideration from ai icast two 


standpoints. 

1. Research is highly desirable for the development of bet- 
ter laboratory methods for carly and rapid diagnosis of smallpox 
and its differentiation from clinically similar diseases. 

2. Research is also needed on methods that will serve to dif- 
ferentiate smallpox from vaccinia and also to differentiate 1 from 
other pox viruses. 


After the October 1965 joint meeting in Honolulu, internal 
amagonism of Japanes. virologists and members of the Science 
Council against the U.S.-Japan Cooperative Medical Science 
Program caused all Virology Panel members to resign, except 
the Chairman, Dr. Fukumi. Although another panel was not 
appointed until 1968, when the Japanese Virology Panei hosted 
a rabies conference in Tokyo, panel designees participaicd in 
a smallpox conference held in Honolulu in December 1967. 
After 1968. there is no official record of further internal an- 
tagonism among the Japanese virologists over participation in 
the U.S.-Japan Cooperative Medical Science Program 


Malnutrition Panel 


When the Honolulu Conference was convened in October 
1965, a United States Nutrition Group had been formed. 
Although a counterpart did not yet exist on the Japanese side, 
the U.S. members met with representatives of the Japanese 
Committee to discuss nutritional problems in Asia. The con- 
clusions of that meeting report are recorded as follows: 

Members of the Japanese committee in attendance agreed that 
a Japanese Panel on Malnutrition would be established. It was 
concluded that American and Japanese panels on malnutrition 
could then fruitfully confer on these important problems in the 
future. It was agreed that currently available public health 
measures to control malnutrition should be applied vigorously 
in the field. For example, enrichment of rice with thiamine and 
riboflavin will virtually eliminate beri-beri and ariboflavinosis 
among rice-eating peoples and should be universally adopted. 


Legislation requiring this should be vigorously promoted. 
of less importance in Asia, white wheat flour should 


be enriched with B-complex vitamins. Iron should be added 
to the enrichment mixture for both rice and wheat since it will 
help to alleviate the widespread problem of iron deficiency 
anemia. The enrichment of salt with iodine is a cheap and prac- 
tical method of proven effectiveness in eliminating endemic 
goiter and should be recommended. Even crude moist salt can 
be effectively iodized with potassium iodate and no special 








Implementation of the research program outlined above should 
yield substantial gains ir: knowledge of some of the complicated 
problems of climcal nutrition, plant genetics. and food process- 
ing needed for the control of malnutrition in Asia. 

The Jom Corsmitice approved the addition of malnutrition 
to the program at the Hakone. Japan Mecting. August 17-19. 
1966. Although the two pancis did not have a unified set of goals 
and objectives. the U.S. Malnutrition Pane! listed a number of 
rescarch projects or imicrest areas that are listed below: 


1. Genetic mprovement of the nutritive value of the cereal 
grains nce, wheat, corn, sorghum. and millet by screening large 
numbers of commercial varieties and primitive parental types 
to rsentify lines with high content of the limiting essemual amino 
acids in which the cereai 1s deficient. 

2. Local development and testing of acceptable low-cost. 
protein-rich toods. utilizing ingredients potentially indigenous 
to the ‘ ountries concerned. 

3. Investigation of the distribution, importance. and methods 
of control of mycotoxin in foods consumed in countries of the 
area. 

4. Studies of the climination of natural toxic substances from 
legumes and other plant foods. 

5. Determination of the effects of carly malnutrition on the 
mental development. behavior, and learning of children in the 
area and the extent to which these are prevented by dictary 
supplementation. 

6. Determination of the effect of malnutrition in children 
on resistance to infections and the mechanisms responsibic. 

7. Investigation of the prevalance. etiology, and effective 
prevention of nutritional anemias in children and adults of the 
region. 

The Japanese and US. scientists shared a joint interest in the 
effect of malnutrition on infection and the study of nutritional 
anemias in children and adults (Nos. 6 and 7). In addition, the 
Japanese proposed the following :* 


|. Physiologic studies on protein deficiency. Basic studies 
on protein deficiency as measured by urinary excretion of 
riboflavin will be followed by field work. 

2. Studies on amino acid metabolism in subclinical protein 
deficiency. The free amino acid pattern, the ratio of essential 
to non-essential amino acids, and the concentration of amino 
acid metabolites in the blood and urine of humans will be in- 
vestigated as biochemial procedures for the carly diagnosis of 
subclinical protein deficiency. Further, the cystine content of 
hair, blood glutathione, and serum iron-binding capacity will 
be investigated. Both human and nonhuman experiments will 
be done. 

2. Biochemical studies on malnutrition. The purpose of this 
project will be to elucidate the fundamental biochemical changes 
of malnutrition and the effect of treatment on these changes. 
Since the effect of metabolism of carbohydrates. lipids, and pro- 
teins are greatly influenced by the state of malnutrition, the 
metabolism of each nutrient and their interrelationships will be 
studied. 

These represent the original research goals and objectives for 
the Panels on Cholera, Leprosy, Malnutrition, Parasitic 


*The above are summarized from a report written by Dr. N. Shimazono in 
“The Report of the Second Meeting of the U S.Japan Cooperative Medical 
Science Committee, 1966." 
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Diseases. Tuberculosis. and Viral Diseases. The terminology 
of research poals and objectives evolved into Panel Guidelines. 


Guideline Changes 


Again a must be emphasized that guidelines are not static but 
are open to change to accommodate new research opportunitics 
and technologies. They may also change as research prioritics 
are shifted. 

Through the years the original gu:delines of most panels were 
greatly abbreviated. although the intent remained the same_ The 
Joum Cholera Panels’ guidelines appeared as the following: 

The Cholera Panels considered all research on cholera and 
cholera-like diseases as relevant to the U_S.-Japan Cooperative 
Medical Scicnce Program. The following were. however. the 


arcas to which the pancl assigned a higher priority: 


1. Methods of immunization. \mprovements of whole cell 
vaccines. development of effective adjuvants. isolation and 
purification of protective antigens. development of an effective 
toxond. 

2. Pathogenesis and treatment. Purification of responsible 
exotoxin. studics of mechanism of action of this tox, and 
development of a pharmacologic means of rapidly biocking the 
action of the toxin: related investigations of basic mechanisms 
of secretion and absorption of water and clectrolytes im the small! 
intestine. 

3. Microbiologic investigations. Studies of those properties 
of V. cholerae which are essential to its muluplhication in the 
gut of the susceptible host. and of those properties of the host 
which render him vulnerable to V. cholerae infection. 

4. Enteric disease surveillance. Developmen. in collabora- 
tion wh the World Health Organization, of an enteric disease 
surveillance system throughout South and Southeast Asia. 


In addition to research on cholera per se, the Cholera Panels 
felt that research in related areas of pathophysiology and im- 
munology was essential to better understanding of 
pathophysiologic and immunologic mechanisms in cholera. and 
felt that investigations in the following areas were relevant to 
the U.S.Japan Program: gastrointestinal immunologic 
mechanisms against gram negative enteric bacterial infections. 
and mechanisms of electrolyte absorption and excretion by 
the mammalian small intestine. 

In October 1970, the Joint Cholera Panel modified its 
guidelines by deleting Item 4 and all that followed down to and 
including *‘mechanisms of electrolyte absorption....°' Enteric 
disease surveillance, although important, was not really con- 
sidered the responsibility of the Cholera Panels. ltem 4 now 
contained a definition of cholera-like disease. This definition 
was added in order to emphasize the panels’ recognition of the 
importance of stimulating research in other enterotoxin-mediated 
acute diarrheal diseases: 


4. Cholera-like diseases are defined as acute diarrheal 
diseases in which the relationship between bacteria living in the 
lumen of the gut and a human host is such that the resulting 
interaction will not cause (1) tissue destruction, (2) symptoms 
of toxicity, or (3) bloody diarrhea. If the diarrheal disease 
becomes life-threatening, it is on the basis of fluid loss. 


The panels felt that the revised guidelines, although fairly 
specific, still provided the program with a certain amount of 
flexibility which was considered essential. 








As research progressed. researchers did find organisms other 
than V. cholerae which caused cholera-like iliness by produc- 
ing 4 toxin/toxims such as enterotoxigenic Escherichia coli. 
Therefore, to clarify the . Cholera-like diseases were 
described using Escherichia coli (E. coli) as an cxampic. Re- 
cem studies showed that vibrios, including V. cholerae, have 
a distinct environmental life cycle which ts probably an impor- 
tamt determinant of epidemiology of vibmo infections. Improved 
understanding of the environmental ccology of vibnos. including 
those V. cholerae which cause epidemic cholera, may help 
elucidate practical mechanisms necessary to interrupt the 
transmission of disease. Therefore in 1977. the guidelines were 
revised to include other enterotoxigenic organisms and vibrio 
ecology. Item 4 became **Vibrio Ecology’ and the definition 
of cholera-like diseases was changed to a separate paragraph. 
The guidelines, which are current, are as follows: 


CHOLERA 


United States-Japan Cooperative 
Medical Science Program 


All research on cholera as well as cholera-like discases (c.g.. 
emerotoxigenic E. coli) is relevant to the pancl’s interest. The follow. 
ing areas have been assigned a higher priority 


1. Methads of mmmunization. Improvements of whole cell vaccines. 
developmen of effective adjuvants, isolation and purification of pro- 
tective antigens, and development of an effective toxoid: 


2. Pathogenesis and treatment. Purification of responsible exotoxn. 
studies of mechanisms of action of this toxin, and development of a 


pharmacologix means of rapidly blocking the action of the town. related 
investigations of basic mechanisms of secretion and absorpuon of water 
and electrolytes im the small intestines. 

3. Microbiologic imvestigations. Studies of those properties of 
V. cholerae which are essential to its multiplication im the gut of the 
susceptible host. and of those properties of the host which render him 
vulnerable to V. cholerae imfection, 

4. Vibno ecology. Investigations of factors m the environment (c.g. 
food and water) outside the human host which influence population. 
distribution, growth rate and virulence of cholera vibrios 


Cholera-like diseases are defined as those in which the relationship 
between bacteria living im the lumen of the gut and a human host ts 
such that the resulting interaction will not cause (1) tissue destruction, 
(2) symptoms of toxicity. or (3) bloady diarrhea. If the diarrheal disease 
becomes life-threatening. i is on the basis of fluid lows 


Leprosy 


Prior to 1973, the Leprosy Panel was requested to abbreviate 
and sharpen the goals and objectives originally identified in 
1965. The Joint Leprosy Panel's guidelines remained essentially 
unchanged, since the headings were the same. although the 
descriptive detail was omitted. In addition, no reference was 
made to the development of a formal fellowship program. The 
guidelines are as follows: 


LEPROSY 


United States-Japan Cooperative Medical 
Science Program 


All areas of leprosy rescarch are relevant to the program. although 
the following are of special micrest 


1. Cultivation of growth of Mycohactcriam leprac m tssuc culture. 

2. Anal transmission end cxperimental systems for growth of 
M. leprac. 

3. Drugs agaist leprosy. 

4. Chemoprophy lax and measurement of minmal effective drug 


bload levels. 

5. Vaccination: 

6. Antigens simular to lepromin ard the mechanism of lepromin 
reactions 


An atiemp is made to recrul new scientists to work om the field of 
leprosy . and the program has cnhaaced and faciinated leprosy research 
by imcreasing the availability of leprosy biopsy material and im- 
munologically deficremt mace to qualified mvestigators 
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The Leprosy Guidelines described in 1973 are still applicable 
in 1983. although the emphasis of program research shifts as 
scientific progress is made. The ability to propagate M. leprac 
in the armadillo, and the development of techniques to separate 
organisms from the tissue in pure form has dramatically in- 
fluenced the direction of the research toward immunology and 
vaccine development. 

Note: It is of interest to report that the Leprosy and Tuber- 
culosis Panels originally held joint conferences in 1966, 1967. 
and again in 1968. However, m would appear that after 1968 
a decision was made that these pancls would convene separate 
conferences, since no mention is made of a joint conference 
after 1968. lt was not until 1977 that another combined con- 
ference was planned and held in Boston. It was the occasion 
of the 12th Jomt Meetings of the Leprosy and Tuberculosis 
Panels. One day was set aside for a combined meeting tu discuss 
primarily the immunology of leprosy and tuberculosis. Expert 
immunologists not involved directly in leprosy and tuberculosis 
research were invited to participate. Thereafter. the panels con- 
tinued to hold separate conferences until 1983, when the Joint 
Committee mandated that because these two panels shared 
research areas of mutual interest, they would henceforth hold 
combined mectings. Such Joint Conferences were held August 
3-5, 1983. in Bethesda and August 27 through 31, 1984, in 
Tokyo. 


Malnutrition 


The guidelines (goals and objectives) described for the 
Malnutrition Panel were generally broad and lengthy. In 1973. 
as requested, the Malnutrition Panels identified the following 
areas for their collaborative reseacch effort: 

















MALNUTRITION 


United States-Japan Cooperative Medical 
Science Program 


The mainutrison program has the followsng five research atyectives 


1. Determunation of the effects of malnutrmon on phy sical and men- 
tal developmem. icarning, behavior. physical capabilay. and 


performance 
2. Studies of the health sugnificance and methads of prevention of 


4 Investigation of the imeracnons of malnutriion and imfcction 

wath special emphasis on the mechanisms responsible (US pane! ony) 
S$. Studies on mainutrition duc to metabolic disorders Uapancse 
pane! only) 
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These guidelines represent the comt.aed research interests 
of both sides. It is of interest to note that the special and dif- 
ferem interests of the two panels are expressed in guidelines 
4 and 5. The U.S. panel had a special interest in the effect of 
malnutrition on infection, and the Japanese panc! was especial- 
ly concerned with metabolic disorders. 

The reduction of the incidence of malnutrition in Asia con- 


1. Influence of environmental and host factors on requirement for 
health in Asian countries. 

2. Studies of the health significance of ir »n deficiency and methods 
for its eradication. 

3. Investigation of the interactions of nutrition and infection with 
special emphasis on the mechanisms 

a Determination of the effects of nutrition on physical and mental 
development, behavior, physical capability, and work performance. 
5. Health consequences of different (and changing) dictary patterns 
and food habits. 


These guidelines are under active revision by the joint panel at the 
tume of publication of this report 
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Parasitic Diseases 


to only filariasis and schistosomiasis. In 1973. the guidelines 
were abbreviated and organized as follows: 


PARASITIC DISEASES 


United States-Japan Cooperative Medical 
Science Program 


The scsemtific emerests of the Parasitic Diseases Pane! are specifically 
confined to two diseases filariases and schistosormasss Ansmnals m- 
fected with these two parasses are made available to encourage and 
awaken screntific mmterest mm these two discase cntitics 


Filanasis 
1. Mechanisms of the pathogenesis of any filarial infection 
- d@wect damage duc to tissue invasion and toxicity of 
metabolic products of worms. 
hypersensitivity mechanisms. 
concomitamt microbial infections 
Most of the foregomg research involves selected animal model systems 
using filarud species such as Dipetalonema and Dirofilaria. 

2. Biochemical and physiological studies on a varicty of filarind 
parasites (Filariowdea), including both adult parasites and larvac 
developing im imtermediate hosts. as well as worm stages maintained 
in vitro 

3. Immunological and serological research on human filarnds or 
related ammmal species 

4 Chemotherapy and pharmacology on related animal filariids and 
climcal studies and climical trials of drugs im human filariasis 

To be included im the foregoing investigations are a variety of host- 
filaria studies regardless of species or locale. including vector-parasite 
However, excluded from this research purview are local 
epidemiological or ecological investigations of vectors unless they are 
proposed to be done im Asia 


Schistosomiasis 
Studies of the three species of human schistosomes, S. mansoni, S 


haematobium, and S$. japonicum, are undertaken on the same basis. 
and with the same exclusions, as filariasis above 
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The panels were satisfied that these guidelines were broad 
enough for each disease to provide research flexibility. 

In 1975, the Parasitic Diseases Panel revised its guidelines 
in order to emphasize and to clarify their research areas of in- 
terest. These changes were approved by the Joint Committee 
in July 1976. The guidelines are as follows: 


PARASITIC DISEASES 


United States-Japan Cooperative 
Medical Science Program 


The Parasitic Diseases Panel has primary interest in research on all 
forms of schistosomiasis and filariasis. Sponsored studies share a long- 
term goal of alleviation of these two diseases. Strategies include vec- 





tor control, interruption of the parasite life cycle, and reduction of the 
amount and effects of infection in man by vaccination, 
chemoprophylaxis, or other modalities. Both basic and applied work 
is supported in the following areas: 


VECTOR BIOLOGY, e¢.g., ics, reproduction, metabolism. 
behavior, PARASITE BIOLOGY of all stages of schistosome and 
filarial worms; VECTOR-PARASITE and MAMMAL-PARASITE 
INTERACTIONS; PATHOGENESIS in mammalian hosts, both 
human and non-human; IMMUNOLOGY with is on stimula- 
tion of resistance; and PARASITE BIOCHEMISTRY and 
CHEMOTHERAPY and related subjects. 


In addition, the panel is concerned with SUPPLY OF PARASITES 
AND INFECTED ANIMALS to investigators and with AV AILABILI- 
TY OF RESEARCH WORKERS in schistosomiasis and filariasis. 

REGIONAL FIELD STUDIES on epidemiology or ecology of 
schistosomiasis and filariasis must be relevant to the interests of the 


sponsoring panels. 
Revised 1976 


These guidelines were once again revised in 1984 as a result 
of a symposium held at the National Institutes of Health in 
Bethesda, Maryland in July 1983, to review the state-of-the- 
art of parasitic diseases research. 

Consequently, the guidelines were revised so as not to limit 
panel research to only schistosomiasis and filariasis but expand- 
ed to include malaria and other important protozoal and helmin- 
thic diseases: The revised guidelines are: 


PARASITIC DISEASES 


United States-Japan Cooperative 
Medical Science Program 


Tie Parasitic Diseases Panels have a primary interest in research 
on selected helminthic and protozoal diseases with special emphasis 
on vector-borne parasitic diseases such as but not limited to malaria, 
schistosomiasis, and filariasis. Sponsored studies share a long-term 
goal of alleviation of these diseases. Strategies include vector control, 
interruption of the parasite life cycle, and reduction of the amount and 
effects of infection in man by vaccination, chemoprophylaxis, or other 
modalities. Both basic and applied work is supported in the following 
areas: 


EPIDEMIOLOGY; 

VECTOR BIOLOGY AND CONTROL; 
PARASITE BIOLOGY; 
HOST-PARASITE iNTERACTIONS; 
PATHOLOGY; 

IMMUNOLOGY, 

BIOCHEMISTRY; AND 
CHEMOTHERAPY . 


Special emphasis will be given to studies designed to explore the 
role of membrane chemistry and antigen differentiation in infection 
and immunity. In addition, the panel is concerned with SUPPLY OF 
PARASITES AND INFECTED ANIMALS to investigators and with 
AVAILABILITY OF RESEARCH WORKERS in these fields. 


2/10/84 
Tuberculosis 


The original goals and objectives (1965) of the Tuberculosis 
Panels were not described in detail, although broad, general 
concepts were cited. By 1973, the guidelines were nicely 
defined. 


TUBERCULOSIS 


United States-Japan Cooperative 
Medical Science Program 


Tuberculosis research is concerned primarily with projects relating 
to the pathogenesis and immunological aspects of tuberculosis. Sub- 
jects of special interest are immunity and hypersensitivity in tuber- 
culosis, the analysis of cell substances of tubercle bacilli which might 
be related to immunity, and experimental models for the study of 
tuberculoimmunity : 


1. Fractionation and identification of biologically active constituents 
of tubercle bacilli; 

2. Pathogenesis of tuberculosis 

— experimentally induced tuberculosis 

— host-parasite relationship 

— atypical mycobacteria; 

3. Immunity and hypersensitivity in tuberculosis, including 
mechanisms and 

— immunochemical manipulation of mycobacterial antigens, haptens., 
and serology 

— immunoglobulin responses of experimental animals to infection 
and immunization 

— tuberculin hypersensitivity responses 

— testing of new potential agents for immunization 

— cytopathology of immunization 

— vaccination against tuberculosis 

— mechanisms of acquired cellular resistance; 


4. Non-specific immunity and hypersensitivity stimulated by 
mycobacteria. 


To further these studies, special reagents are made available for 
research purposes only to qualified investigators: living BCG bacterial 
cells, lyophilized PPD tuberculin, characterized mycobacterial cultures 
of research interest, a culture filtrate reference antigen, and polyvalent 
reference antiserum by which investigators are able to standardize 
laboratory produced material. 


In 1978, the Tuberculosis Panels revised their guidelines to 
emphasize their special interest in the pathogenesis and im- 
munological aspects of the disease. The research projects and 
grants funded by both sides involved new and sophisticated im- 
munological approaches, techniques, and methodologies. The 
revised guidelines approved by the Joint Committee in July 1979 
are as follows: 


TUBERCULOSIS 


United States-Japan Cooperative 
Medical Science Program 


Tuberculosis research is concerned primarily with projects relating 
to the pathogenesis and immunological aspects of the disease. Sub- 
jects of special interest are immunity and hypersensitivity, the analysis 
of cell substances of tubercle bacilli which might be related to immunity, 
and experimental models for the study of tuberculoimmunity: 


|. Biology of mycobacteria 


a. Fractionation and identification of biologically and im- 
munologically active constituents of tubercle bacilli 

b. Genetics and physiology 

c. Mechanisms of drug action and development of 
resistance 
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Pathogenesis of tuberculosis and other mycobacterioses 


a. In man and experimental models 
b. Host-parasite relationship 
c. Environmental and nutritional factors 


3. Immunology of tuberculosis 
a. Mechanisms of hypersensitivity, anergy, and acquired 
resistance 
b. Ir .,unoglobulin response to infection and immunization 
¢. Acuvation of nonspecific effector mechanisms by 
mycobacterial and other products 
d. Adjuvant properties of mycobacterial and other products 


4. Immunoprophvlaxis 
a. Live vaccines 


b. Killed vaccines 
c. Natural and synthesized mycobacterial fractions 


To facilitate these studies, special reagents are made available only 
for research purposes to qualified investigators: lyophilized PPD tuber- 
culin, characterized mycobacterial cultures of research interest, a culture 
filtrate reference antigen preparation and polyvalent reference antiserum 
with which investigators are able to standardize laboratory produced 
material. 
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Viral Diseases 


The goals and objectives originally (1965) identified for the 
Viral Diseases Panels were extremely broad and included six 
arboviruses, although it was decided to concentrate on Japanese 
encephalitis virus and the dengue complex, plus the following 
respiratory viruses: influenza, parainfluenza, respiratory syn- 
cytial, and adenoviruses. Interest was also expressed in perform- 
ing research on smallpox and eventually on rabies. Workshops 
and conferences were held on smallpox, myxovirus infections, 
viral vaccines with special emphasis on Japanese encephalitis, 
rabies, and the pathogenesis of arbovirus infections with em- 
phasis on the cause of dengue heiaorrhagic fever. Additional 
conferences included a potpourri of viruses. 

It became evident to the Joint Committee that the Viral 
Diseases Panels’ research interests and programs were much 
too diffuse to be effective. This information was transmitted 
to the Panel Chairmen. In 1973, the guidelines were modified 
as follows: 


VIRAL DISEASES 


United States-Japan Cooperative Medical 
Science Program 


Rabies 


Basic, mission-oriented, or applied studies including control 
measures, diagnostic techniques, virus reservoirs, and prophylactic 
procedures. 


Dengue 


Studies of the epidemiology and pathogenesis of hemorrhagic fever, 
development of vaccines using selected viral structural components as 
the primary antigen, basic immunology with respect to classification, 
biophysical and biochemical studies. 


Arboviruses 


Studies on the structural elements ot arboviruses, including isola- 
tion and identification of antigenic components. 
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Also, a joint panel review was initiated by the Subcommittee 
on Program Review and Planning in 1973 and completed in 
1974. As a result of this review, a recommendation was made 
by the Joint Subcommittee and Committee that the two panels 
develop a truly collaborative program during the next year, and 
the reviewers were requested to monitor this activity and to 
report their findings to the Joint Committee in 1975. These 
panels accepted this charge and presented a unified effort in 
1975, and this cooperative effort has continued to intensify over 
the years. 

In 1978, the guidelines of the Viral Diseases Panels were ex- 
panded to include viral gastroenteritis, since this important 
health area was excluded from the Cholera Program. The com- 
position of the panels was changed to accommodate this new 
area, and the research program that evolved has been very suc- 
cessful. The present guidelines read as follows: 


VIRAL DISEASES 


United States-Japan Cooperative Medical 
Science Program 


Rabies 


Basic, mission-oriented. or applied studies including control 
measures, carly and late diagnostic techniques, virus reservoirs, and 
prophylactic procedures 


Dengue 


Studies of the epidemiology. carly confirmatory diagnosis, and 
pathogenesis of hemorrhagic fever. Development of vaccines using 
selected viral structural components as the primary antigen, basic im- 
munology with respect to classification, biophysical and biochemical 
studies. 


Arboviruses 


Studies on the structural elements of arboviruses, including tsola- 
tion and identification of antigenic components. 


Viral Gastroenteritis 


Epidemiologic investigations of infant and adult gastroenteritis us- 
ing virological techniques; diagnostic methods, antigenic characteriza- 
tion (including human and related animal viruses), and studies on host 
immune response requisite for vaccine development, epidemiologic 
surveillance, or control, detection, propagation, assay, and characteriza- 
tion of putative agents for man, and studies of pathogenetic mechanisms 
and predisposing factors that could lead to improved prophylaxis. 
therapy. or control. 
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Methods for Evaluating Environmental 
Mutagenesis and Carcinogenesis 


In 1972, a seventh panel on Methods for Evaluating 
Mutagenesis and Carcinogenesis was added to the U.S.-Japan 
Program. This panel is usually referred to as the Environmen- 
tal Mutagenesis and Carcinogenesis Panel or shortened even 
further to the Environmental Panel. The approved guidelines 
are as follows: 








METHODS FOR EVALUATING 
ENVIRONMENTAL MUTAGENESIS AND 
CARCINOGENESIS 


United States-Japan Cooperative Medical 
Science Program 


There is expanding evidence that human health will be increasingly 
influenced by chemical pollutants introduced by man into his environ- 
ment. The two areas of environmental disease selected by the program 
are mutagenic and carcinogenic effects. 

Detection of chemical pollutants with mutagenic and carcinogenic 
activity: 


— establishing a registry of known chemical mutagens, 

— development of test systems to screen chemicals for mutagenic 
activity; 

— support of studies to determine how to extrapolate data from cx- 
perimental mutagenicity test to man; and 

— development of test systems to determine the correlation between 
carcinogenic and mutagenic activity. 


Surveillance to determine whether pollutants have caused an increase 
in the genetic load in man: 


— development of methodology for monitoring the human popula- 
tion to determine whether there is any change in the genctic load; and 
— development of methodology for exploratory and intensive 
epidemiological investigations in human populations suspected or 
known to have been exposed to a mutagenic or carcinogenic agent. 


The early work of the Environmental Panel was directed 
toward developing satisfactory methodology for the detection 
of mutagenic and carcinogenic compounds in the environment. 
For example, AF-2, a food preservative used in Japan, was 
banned because it was found to be a potent mutagen and poten- 
tially dangerous to human health. With the development of ef- 
fective test systems, these panels revised their guidelines to con- 
centrate cn what effect mutagens and carcinogens had on in- 
dustrialized and selected populations in Asia. The revised 
guidelines were approved by the Joint Committee in July 1979, 
and they are as follows: 


Environmental Mutagenesis and Carcinogenesis 
United States-Japan Cooperative Medical 
Science Program 


There is expanding evidence that human health will be increasingly 
influenced by chemical pollutants introduced by man into his environ- 
ment. The two areas of environmental disease selected by the program 
are mutagenic and carcinogenic effects. 


A. Detection of chemical pollutants with mutagenic and car- 
cimogenic activity: 


1. development, refinement, and validation of mutagenicity 
assay systems for use in mass screening programs; 

2. support investigations which improve our ability to make 
human risk estimations. Areas of work include: comparative 
mutagenesis and extrapolation to man, somatic and germ 
cell dosimetry, pharmacokinetics, and relative impact of 
various genetic lesions; 

3. support investigation of factors which modify mutagenic 
activity; 

4. support investigations of structure-activity relationships of 
both mutagens and carcinogens 


B. Surveillance to determine the occurrence and effects of mutagens 
and carcinogens in the environment, with emphasis not only on in- 
dustrialized populations but also on unusual populations in Asia. 


1. development of methodology for monitoring the human 
populations for mutagens: 

. application of human monitoring methods to determine 
baseline mutation frequencies and to monitor high-risk sub- 
populations such as chemotherapy patients, workers exposed 
to known or suspected mutagens, and individuals genctically 
predisposed to genetic damage and carcinogenesis. 

3. development of methodologies for monitoring the work 
place and general environment (air, water, and soil) for the 
presence of mutagenic or carcinogenic pollutants: 

4. development of methodology for epidemiological investiga- 
tions of human populations suspected or known to have been 
exposed to mutagenic or carcinogenic agents. 
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The guidelines were reviewed by the panels in light of past 
research accomplishments and future plans. As a result, the 
guidelines were revised and submitted to the Subcommittee on 
Program Review and Planning at their February 1985 meeting 
for review and comment. The Subcommittee approved and will 
recommend to the Joint Committee in July that the following 
guidelines Se adopted: 


Environmental Mutagenesis and Carcinogenesis 
United States-Japan Cooperative 
Medical Science Program 


There is expanding evidence that chronic human diseases. including 
cancer, can be caused by man-made and natural chemicals as well as 
other agents in the human environment. This program focuses on two 
aspects of such environmental disease: mutagenicity and carcinogenici- 
ty. Approaches to these can be broadly divided into laboratory and 
epidemiologic studies. For both, one goal is to apply and transfer 
knowledge to world populations, particularly in Asia. developing coun- 
tries, and high-risk areas. 


A. Laboratory approaches to the detection, prediction, imerpreta- 
tion and mechanisms of the mutagenic an carcinogenic properties of 
chemical and physical agents. 


1. Development, refinement, validation and application of 
laboratory assay systems for assessing mutagenicity and 
carcinogenicity 

2. Systemic collection and evaluation of data-base on mutagens 
and carcinogens. 

3. Studies of the relationships: 


a. between mutagenicity and carcinogenicity 

b. in the toxic responses of various species, especially 
microbial, rodent, and human 

c. between somatic and germ cell mutagenicity 

d. among types of genetic lesions, ¢.g. gene mutations and 
chromosomal aberrations 

e. between initiation and promotion in carcinogenesis 

f. between chemical structure and toxicity 

g. between pharmacokinetics/metabolism and toxicity 


4. Investigation of factors which modify mutagenic and car- 
cinogenic activity. including dose-time effects, repair proc- 
esses and multi-agent interactions 
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B. Epidemiologic approaches to understanding and preventing en- 
vironmental mutagenesis and carcinogenesis in human populations. 


1. Development, refinement, and validation of methods to 
determine exposure, DNA dosimetry, and somatic and germ 
cell mutations’ carly stages of carcinogenesis in human 


populations. 

2. Application of human monitoring methods to determine 
baseline frequencies of mutation or other monitored end- 
points and to monitor high-risk groups such as 
chemotherapy patients, workers exposed to known or 
suspected mutagens and carcinogens, and individuals or 
families genetically predisposed to genetic damage and 
cancer. 

3. Promote interdisciplinary studies of human mutagens and 
carcinogens. 

4. Development of qualitative and quantitative methods for 
monitoring the work place and the general environment (air, 
water, soil, food) for the presence and levels of mutagenic 
or carcinogenic agents 

S$. Furthermore, epidemiologic methodology and expansion 
of epidemiologic resources to measure mutagenicity and 
carcinogenicity by agents in the human environment. 

6. Combining of laboratory studies of agents, human hazards, 
and human exposure into a sound, scientifically based risk 
analysis for mutagenicity and carcinogenicity. 


2/85 
Hepatitis 


The Joint Committee zpproved the addition of viral hepatitis 
to the Program in July 1979. This was the second program area 
to be added since the inception of the U.S.-Japan Cooperative 
Medical Science Program in 1965. The guidelines for hepatitis 
research are as follows: 


HEPATITIS 


United States-Japan Cooperative Medical 
Science Program 


Viral hepatitis is a serious health problem in many areas of the world 
including Japan, the United States, and Asia. Two known types most 
commonly recognized are types A and B. A third type of viral hepatitis 
has been identified and by exclusion is referred to as non-A non-B 
hepatitis. The long-term objective of the program is to define condi- 
tions for the control of viral hepatitis by improved environmental con- 
ditions, therapy, or prophylaxis. Research areas of high interest to the 
program are: 


1. Biochemical and biophysical characterization of agents including 
those of non-A non-B hepatitis. 

2. Seroepidemic studies in Japan, the United States, and Asian coun- 
tries to identify prevalence and incidence of infections caused 
by the various hepatitis viruses. Implicit in these objectives is 
appropriate work on in vitro cultivation of hepatitis agents. 

3. Development and evaluation of vaccines and anti-viral com- 
pounds for prevention and treatment of disease with particular 
emphasis on therapeutic measures for chronic carriers of type 
B virus. 

4. Long-term studies to determine the incidence of hepatoma as 
a sequela of chronic viral hepatitis infection 
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Ata March 1984 meeting, the Joint Hepatitis Panel expand- 
ed its guidelines slightly to include the hepatitis delta virus and 
to add cirrhosis as a sequela to chronic viral hepatitis. The 
modified guidelines are: 


HEPATITIS 


United States-Japan Cooperative Medical 
Science Program 


Viral hepatitis is a serious health problem in many areas of the world 
including Japan. the United States, and Asia. Two known types most 
commonly recognized are types A and B. Additional types of viral 
hepatitis have been identified and by exclusion are referred to as non- 
A non-B hepatitis. Another recently identified agent is the hepatitis 
delta virus. The long-term objective of the program is to define condi- 
tions for the control of viral hepatitis by improved environmental con- 
ditions, therapy. or prophylaxis. Research areas of high interest to the 
program are: 


1. Biochemical and biophysical characterization of agents. 

2. Seroepidemic studies in Japan. the United States, and Asian coun- 
tries to identify prevalence and incidence of infections caused 
by the various hepatitis viruses. Implicit in these objectives ts 
appropriate work on in vitro cultivation of hepatitis agents. 

3. Development and evaluation of vaccines and anti-viral com- 
pounds for prevention and treatment of disease with particular 
emphasis on therapeutic measures for chronic carriers of type 
B virus. 

4. Long-term studies to determine the incidence of cirrhosis and 
hepatocellular carcinoma as a sequela of chronic viral hepatitis 


3/28/84 


Immunology 


The last area to be added to the U.S.-Japan Cooperative 
Medical Science Program was immunology. Since this was 
discipline oriented rather than disease oriented, it was given the 
name of Immunology Board to reflect this difference. The Im- 
munology Board and its guidelines were approved by the Joint 
Committee in July 1981. The addition of immunology, the third 
since 1965, brings the total number of research areas involved 
in the U.S.-Japan Program to nine. The guidelines are as 
follows: 


IMMUNOLOGY 


U.S.-Japan Cooperative Medical 
Science Program 


Immunology has made rapid advances in the last decade. The re- 
cent introduction of the techniques of somatic cell hybridization, 
molecular genetics, and long-term culture of immunocompetent cells 
to the study of the immune system has caused an unprecedented in- 
crease in our understanding of this field. Such progress in fundamen- 
tal immunology has the potential to revolutionize the diagnosis, treat- 
ment, and prevention of immunologic and infectious diseases, including 
those being studied under the auspices of the U.S. -Japan Cooperative 
Medical Science Program. 





A long-term objective of the Immunology Board is to study and 
elucidate the cellular and molecular mechanisms of the immune 


response and to define effective approaches for the manipulation of 
the immune system. 

In order to achieve these purposes, the Board will focus its concern 
on the following research areas: 


1. Molecular studies of the genetic organization of the lymphoid 
system. 

2. Cellular and molecular studies of lymphocyte activation, pro- 
liferation, and differentiation. 

3. Immunogenetic approaches to the study of lymphocyte interac- 
tions, with emphasis on the role of histocompatibility gene prod- 
ucts in the regulation of the immune response. 

4. Cellular and molecular studies of the regulation of the immune 
response, with emphasis on the role of histocompatibility gene 
products in the regulation of the immune response. 

5. Application of techniques for the development of stable cell lines 
and of somatic cell hybrids to the study of the regulation of lym- 
phocyie activation and function and to the preparation of 
monoclonal antibodies, lymphocyte receptors and specific, as 


well as non-specific lymphocyte products. 
6. Mechanisms to support the interaction of immunologists and the 
exchange of information and material between the two countries. 
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CRITERIA FOR PANEL REVIEW 


The plan for Program reviews specifies that the Co-Chairmen 
of the Joint Committee appoint a subcommittee comprised of 
members of each delegation to review and to evaluate the ac- 
complishments of existing panels and board with respect to the 
overall goals of the U.S.-Japan CMSP. Primary attention is 
directed toward research guidelines which have been identified 
by the panels/board and approved by the Joint Committee. 
Criteria regarded as essential for a proper evaluation of the 
respective guidelines as they relate to the current research pro- 
grams are: 


1. Does the research outlined in the guidelines remain rele- 
vant to the objectives of the U.S.-Japan CMSP”? 

2. How well does the scientific program fulfill its research 
guidelines? Is the research program sufficiently concise to en- 
sure achievement of its designated basic and practical objec- 
tives, and does it avoid diffuseness which could lead to 
ineffectiveness? 

3. How appropriate are these guidelines in the light of new 
and current knowledge, needs, and opportunities? 

4. Realistically in terms of scientific applications, can these 
objectives be achieved by pursuing further the approaches cur- 
rently being utilized? 

5. Is there a reasonably identifiable timeframe wherein the 
research objectives of the guidelines can or should be reached, 
modified, or terminated? 


It is understood that the respective U.S. and Japanese 
reviewers will prepare a combined report carefully evaluating 
the progress of the panel or board under review in accordance 
with the five review criteria. It is the prerogative of the reviewers 
to invite outside consultants to assist in the evaluation process 
if deemed advisable. The review report is submitted initially 
to the Subcommittee on Program Review and Planning for com- 
ment and approval before being presented to the Joint Com- 


mittee for a final decision. This decision is based on the 
following: 

When compared with other potential program areas which 
also may offer promise for progress and accomplishment, shouid 
the panels/board under review be: 


. modified 

. combined with another program area 
. reduced or expanded in scope 
recommended for other sponsorship 
. phased-out in an orderly manner 
continued as currently programmed? 


“ne ances 


Each panel/board review is arranged in accordance with the 
following format: introduction, list of present and past members, 
summary of research progress under each guideline, and a con- 
cise evaluation of whether the research is responsive to the five 
criteria previously cited. 

In this report only a portion of the review for each panel is 
presented. 


PANEL REVIEWS 


Leprosy Panel 


Panel Reviewers: Dr. Tadao Shimao 
Dr. Robert E. Shope 


1. The panel's research remains relevant to the Program, 
because leprosy afflicts an estimated 9 million people in the 
tropical and subtropical regions of the world. About one-fourth 
of these are crippled, and new cases are recognized annually. 
In addition, evidence indicates that M. leprae is developing 
resistance to dapsone, the drug most commonly used for treat- 
ment. /n vitro cultivation of the agent has not been accomplished 
and no vaccine is available. Future research on leprosy will 
clearly benefit both the United States and Japan, as well as the 
developing nations of Asia. 

2. The guidelines adopted by the joint panels has in general 
been closely followed. The emphasis of research has properly 
been directed to thos; aims such as animal systems for growth 
of M. leprae and inimunology, where available technical ad- 
vances have permitted the most rapid progress. The panel is 
to be commended for persisting in trials to cultivate M. leprae 
in vitro in spite of the elusiveness of this goal. Greater emphasis 
is needed in the future on the development of chemoprophylaxis 
and, especially, aspects relating to the development of drug 
resistant M. leprae. 

3. The field of leprosy is ideally suited to take advantage 
of new advances in immunology, microbiology, and 
biochemistry. It is entirely possible that by the time of the next 
review, immunotherapy may be a practical outcome of leprosy 
research, and antigens may be identified by biochemical and 
monoclonal antibody techniques to permit a successful an- 
tigenically defined vaccine. If protective antigens can be de- 
fined, DNA recombinant technology is available to implement 
large-scale production. The objectives remain completely ap- 
propriate to take advantage of these new technologic advances. 

4. It is evident that the panel has made a concerted effort 
to attract young investigators with competence in new 
technology to the field. This trend is applauded, and if it can 
be continued, the approaches to the stated objectives will con- 
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tinue to be modern and relevant. An excellent example is the 
application of technology in Neisseria research to M. leprae an- 
tigen purification and characterization. 

5. Barring a major event such as the development and mass 
production of an antigenically defined vaccine, or an inexpen- 
sive, safe, bacteriocidal drug. it is not anticipated that the panel's 
objectives will be satisfied within the next 5 years. The Special 
Programme for Tropical Diseases of the World Health 
Organization has targeted leprosy for research emphasis. The 
added resources to the field are welcome. The U.S.-Japan Panels 
clearly have an essential mission because they have broader aims 
and a wider framework of research than the THELEP and 
IMMLEP Panels of WHO. and offer a forum which the WHO 
Programme cannot match. 

The Joint Committee recommended that the Joint Leprosy 
Panel be continued. 


Parasitic Diseases Panel 


Panel Reviewers: Dr. Barry R. Bloom 
Dr. Manabu Sasa 


1. While schistosomiasis and filariasis do not represent ma- 
jor health problems in either the United States or Japan, the 
panel's research remains relevant because the diseases affect 
hundreds of millions of people in developing nations of Asia. 
In addition, building on the base of classical life-cycle exper- 
tise, the possibility of newer immunologic and molecular ap- 
proaches for the study of these diseases is attracting many 
younger investigators into the field in both countries, and the 
panel serves as a focus for intellectual interactions. While par- 
ticularly effective new chemotherapeutic agents against some 
forms of schistosomiasis have been recently developed, more 
cost-effective drugs and development of vaccines for preven- 
tion of both schistosomiasis and filariasis are greatly needed. 

2. The guidelines adopted by the joint panel have deen close- 
ly followed. The emphasis of research was initially directed 
toward establishing appropriate animal and vector models for 
study, and supply of vital materials to interested investigators. 
In recent years, a transition has been made to introducing newer 
concepts and methodologies, especially in immunology, and this 
is to be commended and encouraged. In particular, greater em- 
phasis should be placed on use of monoclonal antibodies for 
delineation of protective and species specific antigens for both 
parasites, that would have relevance both for seroepidemiology 
and vaccine development. It is also to be hoped that with such 
reagents, application of molecular biology and recombinant 
DNA techniques could accelerate development of diagnostic 
reagents and possibly protective vaccines, or at least that 
possibility should be explored. Finally, progress in the im- 
munoregulatory changes in both diseases should provide new 
insights into pathogenesis and possibilities for intervention to 
diminish pathological changes. Vector control remains clearly 
important for both diseases for the foreseeable future. 

3. Helminithic infections are extremely complex diseases, 
both in terms of life cycle requirements, pathogenesis, and pro- 
tection. New advances in immunology, microbial chemistry, 
and chemotherapy, as well as molecular biology, will un- 
doubtedly have enormous impact in accelerating knowledge of 
these diseases and in revealing new methods of intervention and 
prevention. In schistosomiasis, new drugs have been introduc- 
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ed and are in field trials which have potential therapeutic value 
with minimum toxicity, and the possibility of a vaccine, which 
could have real epidemiological impact, must be supported if 
protective antigens and immunization regimens can be defined 
in experimental systems. In filariasis, much less is understood 
both in terms of pathogenesis, adaptation of parasites to the vec- 
tor and hosts, and protective mechanisms, and these must be 
explored at the basic research level. The search for new effec- 
tive drugs on filariasis should be given high priority. 

Because of fiscal restraints for research in tropical diseases 
in the United States, it has generally been agreed that the focus 
of the Parasitology Panel's activities on only two diseases has 
provided an important concentration of intellectual and scien- 
tific activity on filariasis and schistosomiasis, and prevented con- 
sideration of helminthic diseases from being diluted by the wide 
range of parasitic diseases. On the other hand. because of the 
importance of the Japanese panel's activity for recognition of 
tropical diseases research, and the recent progress in newer ap- 
proaches to the immunology and molecular biology of malaria, 
it is seen as advantageous to the pursuits of the Japanese panel 
to enlarge its scope of activities to include research in malaria 
under the panel's guidelines. Thorough consideration of the im- 
plications of these choices of objectives and scope should be 
taken into consideration. 

4. The panel has made significant contributions, both in 
terms of the research programs encompassed, the contracted 
supply of crucial reagents, and, in earlier years, workshops and 
minisymposia focused on key understanding problems in the 
field. Greater understanding in each of these areas of the stated 
objectives will continue, both under the aegis of the U.S.-Japan 
Program, and from other sources. It is to be hoped that the panel 
will attract a broader range of investigators working in these 
areas to its meetings, particularly those with competence in the 
newer technology. One example would be investigators work- 
ing on monoclonal antibodies to define stage specific and species 
specific as well as protective antigens, and molecular biologists 
interested in using recombinant DNA techniques that might be 
helpful in the development of vaccines, or antigens for widescale 
epicemiological surveys. For these purposes, it is crucial that 
workshops and symposia be expanded, as well as the numbers 
of scientists who can attend. 

5. While it is always possible that inexpensive, safe. 
schistosomocidal or filaricidal drugs will be developed, and such 
drugs wor. nave therapeutic potential, they are unlikely to 
change th. op .demiologic picture. Obviously, study of vector 
biology and development of vaccines will still be required in 
both schistosomiasis and filariasis for the foreseeable future. 

While the U.S.-Japan panel once had a uni yue function, the 
magnitude and importance of schistosomiasis and filariasis in 
the developing world has been recognized by a number of in- 
ternational and national organizations which sponsor research 
in these areas. The Special Program for Research and Training 
in Tropical Diseases of WHO, the Great Neglected Diseases 
of Mankind Program of the Rockefeller Foundation, and the 
support of the Edna McConnell Clark and other foundations, 
provide additional support for research in these two diseases. 
In addition, the summer course in the Biology of Parasitism of- 
fered at the Woods Hole Marine Biological Laboratory has 
stimulated bright young investigators often trained in molecular 
biology and immunology to enter the field. Last year, the first 
Gordon Conference on parasitism was held, it had the greatest 
number of applicants of any previous summer conference, and 








admission had to be restricted to only 20% of qualified ap- 
plicants. While the panel no longer controls the major funding 
for research in these two diseases, or even serves as the sole 
focus of scientific interactions in these diseases, it does repre- 
sent the major focus of U.S.-Japan collaboration in these 
diseases, and has led to exchange visits and training in impor- 
tant techniques to a considerable number of scientists who have 
carried out important research in both countries. 

In response to 15 letters sent to investigators in the fields of 
schistosomiasis and filariasis research, as well as to distinguished 
parasitologists working on other diseases in the United States. 
the replies have indicated mixed feelings about the importance 
of the panel's functions. Some investigators believed that panel 
activities have a lesser impact on research in those fields than 
other forums, and that most of the communications presented 
at the U.S. panel meetings are now being presented 
simultaneously in other scientific meetings as well. Other 
respondents believed strongly that in terms of the initiation of 
key contracts, workshops, and exchange of scientists, as well 
as communication with their Japanese colleagues, panel activities 
are unique and vital as the underpinning for all research in these 
diseases at the present time. 

If appropriate support is given for the panel's activities, in- 
cluding support of contracted research, grant-related research 
in areas, involving newer scientific approaches to the problems 
of these diseases, and support for workshops and symposia on 
topics of fundamental interest and importance. there ts little 
question that the panel can maintain its place as an important 
focus on schistosomiasis and filariasis, and will continue to serve 
a vital and important function, particularly to young investigators 
in those countries. In addition, it is important to augment its 
activities by developing new opportunities for international 
cooperation in tropical diseases research, both through the ex- 
isting funding agencies, and directly in disease endemic 
countries. 

The Joint Committee recommended that the panel be con- 
tinued but that its guidelines be revised to take advantage of 
new research opportunities. To this end, it was recommended 
that the joint panel convene a symposium in 1983 to review the 
current status of parasitic disease research. 


1982 


Viral Diseases Panel 


Dr. Hideo Fukumi 
Dr. Robert E. Shope 


Panel Reviewers: 


1. Rabies, dengue and other arboviruses, and rotaviruses 
cause diseases which are not only continuing problems, but also 
in some instances such as dengue and rabies are increasing prob- 
lems. An outside review done in 1976 encouraged the Program 
to examine diseases common to the United States and Japan. 
The research on viral gastroenteritis embodies this concept and 
has served exceptionally well to maintain relevance of the 
research to program aims. Rabies, dengue, and other arboviral 
diseases, especially Japanese encephalitis, are increasingly 
severe problems in Asia. In addition, dengue hemorrhagic fever 
in 1981 became a New World problem and threatens the United 
States itself. 


2. The panel's scientific program fulfilled very closely the 
objectives as set out in the guidelines. The progress in viral 
gastroenteritis is a result of careful planning and joint Japanese 
and U.S. cooperation to achieve a common goal. It sets a 
challenge as a model for other joint efforts in the future. 

The Program is targeted and overall the resources available 
are sufficient to ensure progress in the three major areas: rabies. 
dengue and other arboviruses, and viral gastroenteritis. 

In the area of other arboviruses, the guidelines emphasize 
“studies on the structural elements of arboviruses, including 
isolation and identification of antigenic components.” In prac- 
tice, a wide variety of other research, not directly related to 
the guidelines, was undertaken. These projects have resulted 
in useful knowledge and have certainly been effective: could 
they be more effective if they were less diffuse? 

3. The guidelines on rabies, dengue, and viral gastroenteritis 
remain extremely appropriate. For rabies, a need continues for 
basic mission-oriented control measures, early diagnosis. and 
prophylaxis. The major need for control in Asia is an inexpen- 
sive vaccine for dogs. This has only partially been achieved. 
While diagnosis has been refined. the need. given new 
technology, is for developing rapid and sensitive techniques. 
Post-exposure prophylaxis also can be improved by applying 
new methods for lowering cost and increasing efficacy. Con- 
sideration should be given for initiation of joint studies to com- 
pare the epidemiology in fauna which support the epizootics 
of rabies in the United States and Asia. At present, very little 
is known about either the dynamics of the animal populations 
or about the epizootic transmission of rabies virus. 

For viral gastroenteritis, progress on the stated objectives with 
rotaviruses has been gratifyingly rapid. The opportunities are 
not yet exhausted, however. In fact only the surface has been 
scratched in the study of other diarrheal disease viruses such 
as Norwalk agent and calciviruses. 

The joint panel should consider modifying the aims of the 
‘other arboviruses’’ guidelines to include study of the existing 
or potential flavivirus problems which the two countries face. 
In Japan this is Japanese encephalitis virus, which is still 
endemic; in the United States this is St. Louis encephalitis. The 
basic epidemiology and especially the mechanism of persistence 
of these viruses remains an enigma. Also, epidemics of Japanese 
encephalitis have become more common and more extensive 
in the last 5 years in Asia. In some areas they are of alarming 
proportions. This situation calls for a new look at the develop- 
ment of an inexpensive vaccine, possibly live attenuated or 
genetically engineered. Japanese encephalitis and St. Louis 
encephalitis are closely related in their epidemiology and replica- 
tion. This should be a fruitful area for cooperative study by the 
joint panels. 

4. New technology. especially monoclonal antibodies and 
the new ability to make sub-unit vaccines by genetic manipula- 
tion or by polypeptide synthesis can now be applied to each of 
the major guideline areas. In particular these should be con- 
sidered in a new program to study other flaviviruses such as 
Japanese encephalitis and St. Louis encephalitis. Molecular 
epidemiology has also now become possible for rabies, dengue. 
other flaviviruses, and rotaviruses. Application to these stated 
objectives is urgently needed and is feasible. 

5. It is unlikely that each of the objectives will be reached 
within the next 5 years, although frequent review is needed. 
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Conceivably a vaccine or vaccines for the four rotavirus 
serotypes will be developed in this time frame, but even here. 
other viral gastroenteritis agents will need to be studied. 

Recommendation for continuation of the Viral Diseases Panel 
was agreed upon by the Joint Committee. 


1983 


Tuberculosis Panel 


Panel Reviewers: Dr. Theodore E. Woodward 
Dr. Shiro Someya 


1. In 1965, the signatory countries *‘recognized their mutual 
concern for the health and well-being of all the peoples of Asia” 
and agreed to undertake a greatly expanded, joint cooperative 
research effort in the medical sciences, which was dedicated 
to concentrating on health problems in Asia. 

The World Health Organization stresses that tuberculosis re- 
mains a major problera throughout the world. Its prevalence 
is estimated to be 15-20 million active cases, with about 10 
million persons developing tuberculosis annually. Annual deaths 
number some 3 million. In the Asian subcontinent recent reports 
estimated 8 million active cases of tuberculosis, of which 2 
million are sputum positive; a large number among the apparent- 
ly healthy population are expected to develop active illness each 
year. The failure of the South Indian BCG trial raised grave 
concern about the efficacy of BCG vaccination. This realiza- 
tion was compounded further by the advancement of numerous 
differing hypotheses, the testing of which might reveal the valid 
cause of the vaccine failure. This is a reflection of the paucity 
of current reliable information. 

The magnitude of the problem of tuberculosis and its allevia- 
tion, delineated in 1965 when the U.S.-Japan Program was in- 
augurated, has not diminished. A wide spectrum of research 
programs to which the United States and Japanese Tuberculosis 
Panel is committed are appropriate for further pursuit of the 
established objectives. 

2. The most recently refined guidelines adopted by the joint 
panel in 1978 have been closely followed. The emphasis of 
research has been directed to the projects relating to the 
pathogenesis and immunological aspects of disease. Subjects 
of special interest have been immunity and hypersensitivity, the 
analysis of cell substances of tubercle bacilli which might be 
related to immunity, and experimental models for the study of 
tuberculoimmunity. Limited availability of qualified in- 
vestigators, particularly in mycobacterial genetics, has been a 
limiting factor. 

The panel succeeded in making outstanding progress in the 
research fields on cellular immunology of tuberculosis and of 
biologically active mycobacterial components, which con- 
tributed significantly to the field of tuberculosis and to other 
fields, such as general immunology and cancer immunotherapy . 
It is hoped that future research emphasis will provide greater 
insight into the field of immunoprophylaxis. The status of BCG 
vaccination and its duration of efficacy must be clarified. Those 
factors which delineate natural host immunity to tuberculosis 
requires elucidation. A correlation to this is a better understand- 
ing of various immunologic reactions of tuberculosis patients 
including anergy. Studies on pathogenesis and immunology of 
the atypical mycobacterial require emphasis. The panel has 
adhered to precise and practical objectives aimed at answering 
the aforementioned problems. 
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3. The objectives modified in 1978 are appropriate to the 
specified criteria, but should be subject to periodic scrutiny and 
revision. New knowledge 1s being cffectively generated by in- 
vestigators of the Tuberculosis Panel. The “*Proceedings”’ and 
reports of the joint meetings are circulated and widely quoted 
by nonparticipants. The panel's activities are pragmatically 
limited in scope but are complemented in other equally signifi- 
cant areas by leading investigators throughout the world 

One of the historical approaches was the separation and 
characterization of antigens from tuberculosis culture filtrates 
by the most sophisticated techniques available. A targeted ob- 
jective was to obtain highly specific diagnostic reagents. This 
objective has been disappointing and clusive with the exception 
of the MAIS glycolipds. Other limiting factors were variations 
in heterogenity in size and the presence of multiple determinants 
on individual antigen molecules—consisting of group-specific 
as well as species-specific epitopes. 

In the panel's judgment, this aspect of the program should 
be redirected since the most sophisticated physical separation 
processes have not yielded desired results. Now it is necessary 
to apply monoclonal antibody techniques in order to sharpen 
methods of antigen isolaticn and identification. Monoclonal an- 
tibodies elicited by individual components with a specific moiety 
may be useful in differentiating Mycobacterium species. If an- 
tigens bearing a single specific determinant also carry sensitiz- 
ing group-specific epitopes, the problem of obtaining highly 
specific diagnostic (e.g. skin-test) reagents may not occur 
Whether complexities of antigenic structure will confuse 
monoclonal techniques is uncertain, but work should be 
undertaken. 

Application of recombinant DNA techniques may be useful 
for obtaining abundant supplies of specific antigens. These are 
much more relevant for pathogens that defy in vitro cultivation 
such as M. leprae and Filariae. The problem with M. tuber- 
culosis is not a lack of antigens, but rather a bewildering galaxy 
of antigenic species, not one of which has been purified to the 
point of unique antigenic homogencity. Greater emphasis upon 
mycobacterial genetics will most likely contribute immediate 
benefits rather than recombinant DNA research. 

A variant of hybridoma technology which might yield helpful 
results hinges on successful isolation of an effective immunogen 
from among the group of M. tuberculosis amtigens. Monoclonal 
antibody stimulated by a unique immanogenic determinant (if 
antigenic) could be profitably exploited using affinity 
chromatography in order to isolate the entire spectrum of 
molecular species bearing that determinant from cell lysates or 
culture filtrates. 

It is highly questionable whether such a unique protective im- 
munogen exists. The decision to undertake such studies requires 
much discussion. 

4. With some exceptions, the panel's objectives are being 
achieved. Antigenic complexities of mycobacteria impose in- 
ordinate difficulties on isolation of unique and specific 
substances; these obstacles adversely affect the search for non- 
broadened our fundamental knowledge. Important progress has 
been made in the cellular and biochemical aspects of the im- 
munology of tuberculosis involving mitogenicity of tuberculin, 
mechanisms of hypersensitivity; anergy and immunosuppres- 
sion; immunoglobulin response, especially in convalescence; 
and nonspecific effector mechanisms. 

The taxonomy of mycobacteria has been extended by DNA- 
DNA hybridization studies. Allocation of additional resources 











would aid materially in advancing knowledge in mycobacterial 
genetics through recruitment of skilled, young investigators. 

Progressive developments have been made on the constitu- 
tion and structure of the serologically specific antigens of the 
M. avium-intracellulare-scrofulaceum complex, the recogni- 
tion of an important role for the M. nebercuiosis sulfolipids in 
pathogenesis, and important developments on the modes of ac- 
tion of isoniazid and ethambutol. a 
is progress on the biosynthesis of mycolic acids, complcte sy 
thesis of some mycolic acids, adie cnaniiadaattaaied 
activities of cord factor as they relate to structure and to physical- 
chemical properties. and the expansion of investigations on the 
culosis (atypical) mycobacteria. Except for difficulties in an- 
tigen separation, in mycobacterial genetics, and in immunopro- 
phylaxis, the current approaches are yielding much valuable data 
which should be useful in fulfilling the specified goals. 

5S. The problem of tuberculosis continues to be of major 
magnitude, and the work of the pane! should not be terminated 
until its major goals have been achieved. Principal among these 
is the development of a more effective means of immunization. 
Consensus holds that this ts a target more desirable than develop- 
mem of more effective chemotherapy. Effective chemo- 
prophylaxis should not be discarded. Difficulties in antigen 
separation have tempered the carlicr program enthusiasm 
regarding an effector immunogen. The reliability of taxonomy 
and speciation based on new methods developed will be improv- 
od. This has been significantly strengthened by chemical studies 
of lipid antigens. The latter may lead to desirable improvements 
in diagnosis. 

The next 5 or 10 years should see the completion of many 
specified tasks such as: resolution of the various glycolipid and 
pepudoglycolipid antigens of a host of mycobacteria; complete 
understanding of modes of action of a variety of chemothera- 
peutic agents, considerable progress in understanding natural 
and acquired drug resistance, and completion of syntheses of 
many biologically active mycobacterial components. On the 
other hand, development of an effective immunogen and 
understanding of host responses specific to tuberculosis remains 
a formidable task which demands the creative and supplemetal 
contributions of cellular immunologists, chemists, and molecular 
biologists. The Tuberculosis Panel is a proper medium to en- 
sure success of these objectives. 

Continuation of the Tuberculosis Panel was approved by the 
Joint’ Committee. As was mandated in July 1982, the Leprosy 
and Tuberculosis Panels hold joint annual conferences. 


1983 


Hepatitis Panel 


Panel Reviewers: Dr. Wataru Mori 
Dr. Edward W. Hook, Jr. 


1. Since hepatitis A, B, and D and non-A, non-B infections 
continue to be worldwide problems, these investigations are rele- 
vant to the U.S.-Japan Cooperative Medical Science Program. 
The ongoing research projects involve: 1) further characteriza- 
tion of these hepatitis viruses, 2) monitoring the changing 
epidemiology of diseases caused by these viruses, and 3) evalua- 
tion of newly developed vaccines and antiviral drugs. 





The widespread availability of diagnostic tests for Hepatitis 
A Virus (HAV) infection has resulted in a better appreciation 
of the relative importance of HAV in the ctiology of viral 
hepatitis. This virus accounts for 25%-40% of such disease in 
the United States but its relative importance ts decreasing. HAV 
has been classified as a picornavirus. Its 7.500 base RNA 
genome has been molecularly cloned and sequenced. The 
development of HAV vaccines is in progress. Preliminary at- 
tempts to develop a live attenuated vaccine were promising but 
further attenuation of candidate strains is necessary before they 
will be suitable for wider testing. Killed vaccines have been 
developed and are undergoing preliminary clinical testing. 

Hepatitis B Virus (HBV) was shown to account for some 
25%-40% of clinical hepatitis in the United States and to be 
on the increase, despite the licensing of an effective and safe 
killed vaccine in 1982. The application of molecular technology 
to the study of this virus has strengthened its association with 
the etiology of hepatocellular carcinoma. Genetically engineered 
second-generation vaccines prepared in mammalian cells or 
yeast cells have been developed and show promise of replacing 
the plasma-derived vaccines currently available. Hepatitis B 
virus has been classified as a member of a new family of viruses. 
the Hepadnaviridae. Four similar viruses have been identified 
in woodchucks, ground squirrels, domestic ducks, and snakes 
and several of these have been useful in elucidating the natural 
history and molecular virology of the hepadnaviruses. 

The unique relationship between Hepatitis Delta Virus (HDV) 
and HBV has been further studied. The HDV appears to be a 
unique human pathogen that is defective and requires coinfec- 
tion with HBV (which serves as a helper virus) for its replica- 
tion. The 36nm particle associated with infection was shown 
to contain a unique antigen, delta antigen, and a small (1.7SKb) 
putatr’ < genome of RNA. HDV was shown to have a worldwide 
(but spotty) distribution. An exception may be Asia, where very 
little evidence for HDV infection has been obtained. HDV was 
found to be associated with up to 50% of fulminant hepatitis 
previously thought to be caused by HBV and to be responsible 
for epidemics of severe hepatitis among native populations in 
South America and illicit drug users in the United States. 

Non-A, Non-B Hepatitis (NANB) has continued to be a 
mystery for hepatitis researchers. The failure to detect an 
antigen-antibody system or to identify a genome unique to this 
agent (or agents) has limited progress. Two or more distinct 
agents of blood-borne NANB are thought to exist, based upon 
epidemiologic investigations and transmission studies in chim- 
panzees. The latter studies also permitted the identification of 
essential lipids in at least some strains of NANB. 

Epidemic Non-A, Non-B Hepatitis (ENANB) is presumed to 
be caused by a virus which was first recognized during the past 
5 years. It was shown to exist in southern Asia and probably 
throughout the Middle East. Its epidemiology was similar to 
that of HAV—predominantly a water-borne disease with ma- 
jor epidemics separated by endemic disease. Evidence has ac- 
cumulated that the etiologic agent is a 27nm virus that may be 
a second serotype of HAV, but attempts to characterize it fur- 
ther have been frustrated by lack of clinical materials, inability 
to infect tissue cultures with it, and difficulty in transmitting 
it to laboratory animals. 

2. The panel's scientific program has fulfilled many of the 
objectives listed in the guidelines. During the past 5 years prog- 
ress has been made in understanding and in controlling infec- 
tions caused by HAV, HBV, HDV, and NANB viruses. 
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3. The objectives listed in the Hepatitis Panel's guidelines 
continue to be extremely appropriate. The technology is 
available to achieve the objectives. 

4. The approaches employed during the past 5 years should 
ensure further progress toward the future achievement of the 
panel's objectives. 

5. It is unlikely that each of the objectives will be reached 
within the next 5 years. The timeframe wherein the panel's ob- 
jectives can or should be reached. modified, or terminated 
should be assessed at the annual mectings of the joint panels. 

A recommendation that the Hepatitis Panel continue its ac- 
tive research program will be made by the Subcommittee at the 
next Joint Committee Mecting. 


1985 


Environmental Mutagenesis and Carcinogenesis 
Panel 


Panel Reviewers: Dr. Tadao Shimao 
Dr. Charlies C. J. Carpenter 


1. The problems of environmental mutagenesis and car. 
cinogenesis are becoming even more important, as new ex- 
amples of naturally occurring and industrially produced 
mutagens and carcinogens are recognized with increasing fre- 
quency. The differences in the spectra of neoplastic disease in 
the United States and Japan offer unique opportunities to deter- 
mine which environmental factors are responsible for the 
regional differences in prevalence of human malignant disease. 
The increasing cooperation of the United States and Japan in 
a number of industrial endeavors makes it all the more impor- 
tant that the two nations continue to work together in this critical 
area. The U.S.-Japan panel has succeeded in developing 
remarkably close cooperation, especially in detecting chemical 
mutagens and carcinogens, and it represents one of the finest 
models of scientific collaboration between the two countries. 
The panel's research remains entirely relevant to the goals of 
the U.S.-Japan Cooperative Medical Science Program. 

2. The panel's scientific program truly fulfills the research 
objectives which it has identified for itself. Because of the scope 
of the mandate given to the panel, the research program is 
necessarily a broad onc, but it is the feeling of the reviewers 
that the joint panel has done a remarkably fine job of develop- 
ing reasonably concise and practical basic objectives. The wise 
decision was made to narrow the scope of the research into two 
major areas including |) detection of chemical pollutants with 
mutagenic and carcinogenic activity, and 2) surveillance to 
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determine the occurrence and effects of mutagens and car- 
cinogens in the environment, not only in industrialized popula- 
tions but also in specific populations with unusual exposures 
to mutagens or carcinogens, or with exceptionally high 
prevalences of sp.‘cific types of neoplasms. Four specific ob- 
jectives have been delineated in cach of the two major areas. 
It is clear to the reviewers that the panel's scientific program 
has been carefully designed to achieve its objectives, and the 
reviewers felt that the panel should be especially congratulated 
on its rapid advances in the development, refinement, and 
validation of mutagen assay systems for use im mass screcning 

. The reviewers do, however, suggest that even greater 
efforts be directed toward developing human monitoring 
systems. 

3. The refined guidelines remain entirely appropriate for 
current needs for the definition of environmental mutagens and 
scientists has resulted in the development of much broader op- 
portunities for the study of specific environmental mutagens and 
carcinogens. 

4. The approaches currently used by the panel are entirely 
appropriate to its aims. Although the panel's goals are not 
susceptible to complete fulfillment (we can never expect the full 
knowledge of all environmental mutagens and carcinogens). the 
approaches currently being used seem most appropriate in light 
of available technologies. Both the Japanese and American 
panelists have been quick to adopt new scientific technologics 
to pursue their clearly stated goals. 

5. In view of the broad scope of the problem of environmen- 
tal mutagens and carcinogens, there is a clear cut need for 
continuation of the work of this panel. As certain specific 
objectives are achieved, the panel should continue to reorder 
its priorities, setting new objectives based on both new 
developments in the environment and the availability of new 
scientific technologies. 

It is the opinion of the reviewers that the work of the current 


Panel on Mi = .enesis and Carcinogenesis represents some of 
the most it wtant work undertaken by the U.S.-Japan 
Cooperative Jical Science Program, and continued full sup- 


port of this program is recommended. 

All of the objectives of the panel cannot be reached within 
the next 5 years. The timeframe wherein the objectives can be 
reached, and the determination as to when the objectives should 
be modified, should be reassessed annually at joint pane! 
meetings. 

The Subcommittee on Program Review and Planning will 
recommend to the Joint Committee that the Environmental 
Mutagenesis and Carcinogenesis Panel be continued and that 
the revised guidelines be adopted. 
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Japanese Cholera Panel 


BROAD GOALS 


The Japanese Cholera Panel has carried on joint research with 
‘the U.S. Cholera Panel on the following: |) immunity of 
cholera, 2) pathophysiology and effective treatment of cholera, 
3) bacteriology of Vibrio cholerae and related bacteria, 4) diar- 
rheal diseases due to cholera-like enterotoxins, and 5) ecology 
of cholera and related vibrios. The ultimate objective of this 
joint research is, needless to say, to decrease the morbidity and 
mortality of cholera and related diarrheal discases. For this pur- 
pose, studies have been performed in bacteriology and genetics. 
on structure and function of toxins, in pathology, and in im- 
munology of toxins and various bacterial cellular antigens. These 
studies have greatly improved the treatment of these diarrheal 
diseases. During the past two decades, however, a cholera 
epidemic has spread to various parts of Africa and to countries 
in the Temperate Zone. Also, Japan has had several outbreaks 
of cholera. 

Therefore, the most important objective of the joint research 
is to develop an immunogen with immunizing capacity superior 
to the protection afforded by conventionally killed vaccines. In 
addition to the search for a vaccine made from bacteria with 
defective toxigenicity but with intact colonizing ability, studies 
are underway to test the immunogenicity of the combination 
of toxoid and somatic antigen. 

The occurrence of diarrheal disease in humans cannot be op- 
timally reduced unless research also involves travelers’ diar- 
rhea due to enterotoxigenic FE. coli and diarrhea due to V. 
parahaemolyticus, Yersinia enterocolitica, Campylobacter and 
others. Studies are now in progress on the virulence factors and 
on the pathophysiology of these bacteria. 


PROGRESS IN PRIORITY AREAS 


Microbiological Studies on V. Cholerae and 
Related Bacteria 


The chemical structure of the cell wall lipopolysaccharide 
(LPS) of bacteria in the family Vibrionaceae has been exten- 
sively studied. The bacteria in this group have LPS with basical- 
ly the same structure as that of Enterobacteriaceae, but their 
LPS does not have KDO (2-keto-3-deoxy-octonate) which is an 
important part in the structure of the core of LPS of the latter. 
In V. parahaemolyticus 06, which does have KDO as the ex- 
ceptional case, KDO is considered to be in the antigenic side 
chain. It has also been found that specific amino saccharides, 
perosamine and quinovosamine, are detected only in the classical 
cholera vibrio, i.c., V. cholerae 01, and that generally, dif- 
ferences in the sugar composition of LPS correspond well to 
the classification obtained by other methods. Through this 
research, it has been possible to provide information important 
for classifying and identifying V. cholerae 01. 

For serotyping of so-called *‘NAG"’ vibrios (V. cholerae 
non-01), investigators in Japan and the United States have so 
far adopted different systems, thus causing considerable con- 


fusion. However, as both countnes have now exchanged strains 
and antisera through their research institutions, comparison of 
respective types is possible. Thus, i has been made possible 
to reconcile the two systems. 

Lysogenicity of V. cholerae has also been reexamined, and 
in addition to the Kappa type phage described by Takeya ct al.. 
a phage called Tau has been found, permitting more detailed 
phage typing. 

For V. cholerae and V. fluvialis, cellular fatty acid composi- 
tion has been studied, and it has been found in V. cholerae that. 
whether it is 01 or non-01 type, it contained more hexadecenoic 
acid than hexadecanoic acid. In addition, it has been found that 
whereas 3-hydroxylauric acid and trans-9-hexadeccnoic acid ex- 
ist, there is no lauric acid, and that cyclopropane fatty acid is 
not present. Since V. fluvialis contained lauric acid, it can be 
distinguished from V. cholerae. Also, in many vibrios, as in 
the case of other Gram-negative bacteria, isoprenoid quinone 
was found. 

Studies on biotype, serotype and pathogenicity of V. fluvialis 
have made progress. In regards to E. coli, two new ov « miza- 
tion factors have been found. It has been shown that for pro- 
duction of colonization factor, cAMP is necessary. 


Genetic Studies on V. Cholerae and Related 
Bacteria 


Drug resistance has been studied with V. cholerae strains 
recently isolated in various parts in the world. Of a total of 1.381 
O1 type strains, 2.5% were antibiotic-resistant; of 142 non-0! 
type strains, 11% were resistant. The resistance pattern was 
essentially the same and transferable within the genus. It was 
readily transferable outside the genus to E. cull, Transferable 
resistance against the vibriostatic agent 0/129 was also observed 
in 1.2%. This was always associated with trimethoprim 
resistance, and belonged to the C-incompatibility group. The 
study of drug resistance of other kinds of pathogenic vibrios 
has been continued. 

The whole base sequence of the LT gene of E. coli has been 
determined, and it has been shown to be very similar to that 
of the cholera toxin gene. With E. coli Hfr strain as the donor 
and Shigella flexneri as the recipient, a non-pathogenic Hfr strain 
of the latter was obtained. When the Hfr Shigella strain was 
crossed with an R-type strain, it was possible to transfer the 
O-antigen and the ability of the R strain to cause guinea pig 
keratoconjunctivitis. This finding suggests a possible genetic 
linkage between O-antigen and pathogenicity. 

Ecological and Studies on V. 
Cholerae and Related Bacteria 


The incidence of cholera in Japan since 1962 was analyzed. 


Until 1976, all reported cases except two had been imported. 
But since 1977, the number of cases suspected of being infected 
within Japan appears to be increasing. Also, the number of in- 
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cidents where V. cholerae was isolated from regions without 
any patients with cholera or any known carriers of V. cholerae 
have been increasing. At the sat__> time, contamination of im- 
ported food by V. cholerae is posing scrious problems. The 
strains isolated from the natural environment or food are. im 
many Cases, nontoxigenic, and an increasing number of them 
are atypical in their biochemical properties and lysogenicity. 
It will be necessary to study the origin and pathogenic 
significance of such vibrios. 

Other imported organisms suspected of causing diarrheal 
disease are Shigella, Szlmonella, non-Ol V. cholerae. V. 
parahaemolyticus, enterotoxigenic E. coli (ETEC). 
emteropathogenic E. coli (EPEC), and Campylobacter. Also in 
overseas countries (Thailand, Burma, Kenya. cic.). investiga- 
tions have been performed on the distribution of such bacteria. 
The ability of V. cholerae to synthesize cAMP has been increas- 
ing year by year. and therefore. a hypothesis has been suggested 
that there may be some correlation between the ability to syn- 
thesize CAMP and changes in adaptability to the environment 
and the pathogenicity of V. cholerae. 


Studies on Enterotoxins 


Detection and assay of enterotoxins 


It has been possible to detect and assay cach toxin by means 
of reverse passive agglutination, with polyclonal or monoclonal 
antibodies against cholera toxin (CT). and £. coli LT and ST 
adsorbed to RBC or latex particles. In particular, latex agglutina- 
tion is being widely adopted as a simple and casy procedure. 
Also, a method has been developed for detection of LT by means 
of coagglutination with Staphylococcus, which possesses a pro- 
tein on its surface and an anti-toxin against cholera enterotoxin. 

A method (Biken test) has been devised for the identification 
of LT. E. coli colomes grown on a special agar medium are 
covered with a polymyxin B disc, which induces the colonies 
to release toxin into the medium. Anti-LT or anti-CT serum 
is added to the preparation. If LT toxin is released, a precipitin 
band develops in the agar with the addition of the anti-LT serum. 
This ts being accepted worldwide as a simple method for detec - 
tion of LT. A semifluid medium has also been devised for detec- 
tion of toxums in combination with the agglutination method men- 
tioned above 

Moreover. a method has been developed for the quantitative 
analysis of CT and LT. distinguished from cach other by the 
ELISA technique. This method ts highly sensitive, and useful 
for a prompt and differential diagnosis. 


Studies on cholera toxin 


Progress has been made im research on the activation of 
adenylate cyclase by CT, and an accessory protein factor 
necessary for activation has been purified. 

Direct evidence has been obtained that the entrance of CT 
into cells occurs not by endocytosis but by penctration through 
the membrane. Also, it has been demonstrated that not only 
subunit A but also subunit B enters into cells. With regard to 
subunit B, concurrent intake of the receptor into cells in the 
manner of so-called ‘‘dowa regulation’ has been observed 

Numbers of monoclonal antibodies against CT have been 
prepared, and by comparison of their activities for neutraliza- 
tion and binding, the molecular structure and function of CT 
are being analyzed. 
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In regards to the production of CT. intracellular localization 
of CT in V. cholerae has been observed by the enzyme-labeled 
antibody technique. It has been suggested that cAMP is not re- 
quired for production of CT and that the anacrobic condition 
of the culture medium has some relation with production of CT. 
At the same tome, it has also been reported that other types of 
toxin require CAMP for production, but this induces CHO cell 
clongation without an clevation of intracellular level of cAMP. 

Production of enterotoxin has been compared between O01 type 
and non-01 type of V. cholerae. Production rate was highest 
in O1 classical, followed by 01 El Tor, and then by nor-)1 type. 
The production tended to be consistently high in classical type 
strains. The toxin produced by non-)! V. cholerae has been 
shown to be closely related with 01 toxin (CT). Among the 
non-)] toxins, hos ever, some are totally indistinguishable from 
cholera enterotoxin, and others show somewhat different 
characteristics. Further, there were many non-)! strains that 
produced a cytotoxic factor. 

It was found that CT conjugated with cither pullulan or LPS 
has low toxicity but persistent antigenicity, and, therefore, can 
be used as an immunogen. 


Studies on E. coli. enterotoxins 


As mentioned above. the amino acid base of the LT gene has 
been sequenced. As the result of this finding. the configuration 
of peptide chains in the molecules has been hypothesized. and 
from this structure a model has been made to show the entrance 
of the toxin molecule into the cell. The hydrophobic segment 
of subunit A penctrates the cell membrane after a cellular bind- 
ing of the B subunit. 

As in the case of CT, the structure and functions of LT are 
being clarified by means of monoclonal antibody and other 
techniques. LTs produced by &. coli of human and porcine 
origin are considered to be different from cach other in their 
structures, and they are called LTh and LTp, respectively. By 
comparison with CT, they are shown to have their own specific 
antigen determinant and common antigen determinant. 

STa. namely suckling mouse test-positive ST, also has two 
types. STh and STp. They have been shown to be peptides com- 
prising 19 and 18 amino acids, respectively. Furthermore. pep- 
tides with the same primary structure and biologic activity have 
been artificially synthesized together with some analogous pep- 
tides. From the result of comparative studies on these peptides. 
the biologically active portion of the ST molecule has been 
determined. 


Other toxins 


ST of the Yersinia enterocolitica origin was purified. This 
is a peptide consisting of 30 amino acids, and the 10 amino acid 
residues at C-terminus were identical with those of ST of E. 
coli. The toxin of Shigella dysenteriae was purified, and it was 
found to be composed of two types of subunits, namely subunit 
A (ca. 30,000 daltons) and subunit B (ca. $,000-6,000 daltons) 
with a molecular weight of ca. 62,000. A similar toxin was ob- 
tained from &. coli. 


Studies on Infection and Immunity by V. Cholerae 
and Related Bacteria 


The use of piglets as the model for the experimental infec- 
tion with V. cholerae was proposed. In particular, Cesarean 
delivered, colostrum-deprived piglets were found to be highly 














sensitive to V. cholerae and CT, and, therefore. were used for 
studies on pathogenicity of mutant organisms. The sensitivity 
was about the same in the piglets with intestinal colonization 
by a few strains of non-pathogenic organisms. Using germ-free 
suckling mice and intraduodenal inoculation with a tube inserted 
into the ligated lower ileum of adult rabbits are also proposed. 
It has been shown that after administration of cimetidine and 
tincture of opium to adult rabbits, V. cholerae colonize the in- 
testine and stimulate immunity. The administration of cimetidine 
was found useful in facilitating peroral infection in mice. 

The aforementioned pullulan- or LPS-conjugated CT can also 
be used as an oral immunogen. Somatic antigen of V. cholerae 
IF... was studied as an oral immunogen, and was found that 

administration stimulated immunity in mice and suppressed 
production of IgE. In some cases, tolerance developed to the 
somatic antigen, depending on the mode of administration of 
the antigen, but even in the tolerant state, bacteria injected in- 
travenously were effectively eliminated. In an experiment us- 
ing artificially produced immunodeficient animals, bacterial 
clearance proved to be mainly due to neutrophils. Also in an 
experiment with IF... it was found that after peroral immuniza- 
tion, suppressor cells appeared in Peyer's patches. In other ex- 
periments, a relationship has been found between the method 
of immunization and the induction of suppressor cells. i.c.. the 
induction of suppressor cells is very effective after forced 
feeding with antigen. 

When CT is administered to mice, the immune response may 
be either suppressed or enhanced. This was shown to be related 
to the reduction and recovery of thymic cells. Also, it has been 
demonstrated that CT inhibits both the production of cytotoxic 
lymphocytes and the expression of the lymphocyte effector 
mechanism. 

Pathogenicity of Shigella correlates well with its ability to 
induce keratoconjunctivitis in guinea pigs. It has been found 
that this is a virulence factor independent of invasiveness into 
HeLa cells and of O antigen. Normal human serum has 
bactericidal activity against Shigella, which is mediated via the 
classical pathway of complement. 


Pathophysiological Studies 


When CT was delivered into the intestinal lumen, the alkaline 
phosphatase in intestinal lymph was first reduced, and then 
elevated. A similar fluctuation of alkaline phosphatase values 
was observed in the epithelium of intestinal mucosa. This 
response was suppressed by the administration of 
chloropromazine. 

The levels of cyclic nucleotides and gastrointestinal hormones 
in the peripheral blood from patients with acute cholera were 
examined: pancreatic glucagon was normal in spite of an cleva- 
tion in total glucagon; VIP and secretin were also normal. There 
was no constant change in cAMP or cGMP. In animal ex- 
periments, somatostatin suppressed hype secretion due to CT. 

Endoscopic and histological examinations of intestinal mucosa 
were carned out on patients with diarrhea due to enterotoxigenic 
E. coli and non-01 V. cholerae. Hyperperistalsis of the gut, and 
reddening, edema, and hypersecretion by the mucosa were 


observed in all the cases. but erosion was noted only in severe- 
ly ill cases. 


ACHIEVEMENT OF CHOLERA PANEL 
DURING THESE 20 YEARS 


Bacteriology, Biochemistry, and Genetics 


TCBS agar. developed in Japan as a selective medium for 
isolating vibrios, has remarkably increased the isolation frequen- 
cy of cholera and related vibrios and made it easier to find cases 
of cholera. Both biotypes of V. cholerae have shown consis- 
tent susceptibility to antibacterial agents since 1964. The an- 
tibacterial activities of tetracycline and its derivatives are the 
most effective, followed by chloramphenicol. The antibacterial 
effectiveness of aminoglycosides and B-lactam antibiotics has 
been comparatively low. 

Since 1960, multiple resistant (R) plasmids transferable in 
Gram-negative bacteria have been increasing markedly. But 
many R plasmids are not persistent in V. cholerae because of 
their instability in this bacterium. R plasmids stable in 
V. cholerae have been isolated in Nigeria and other areas since 
1977; many of them belong to the C-incompatibility group. 

Since 1980, tetracycline-resistant strains have gradually in- 
creased in the cholera endemic area, but the frequency of their 
isolation is much lower than that of tetracycline-resistant 
organisms of Enterobacteriaceac. 

Lipopolysaccharides (LPS) of V. cholerae and other vibrio 
species have been purified. and it has been confirmed that, unlike 
those of Enterobacteriaceae, they do not have KDO (2-keto- 
3-deoxyoctonic acid). Fatty acids with odd numbers of carbons 
were found only in Inaba type. Cross-reaction of somatic pro- 
tein antigens was noted between V. cholerae and other bacteria 
such as Yersinia enterocolitica. 


Research on Cholera Toxin 


In 1969. a diarrheagenic substance in culture filtrates of V. 
cholerae was purified by Finkelstein, and was named 
choleragen. In 1973, Ohtomo et al. and Holmgren showed that 
choleragen consisted of subunits A and B combining non- 
covalently with each other. Subunit A is composed of A, with 
a molecular weight of ca. 22,000 and A, with a molecular 
weight of 5,400. The molecular weight of the subunit B is 
11,700. The molecular structures of subunits A and B have now 
been completely elucidated. 

The knowledge of the biological activities of cholera toxin 
has been markedly increased with improved technology in 
chemistry and with improved methods for assaying biological 
activity. Cholera toxin subunit B firstly binds to ganglioside 
GM, on the intestinal cell membrane, goes into the double 
layers of lipid, and the A subunit enters the cytoplasm. Then, 
A, activates adenylate cyclase and promotes the secretion of 
water, sodium, and chloride by the intestinal mucosa via an in- 
crease of cyclic AMP, resulting in diarrhea. Cholera toxin is 
known to suppress cellular immunity, but its effect on the pro- 
tection against cholera infection is not yet known. 











So-called ‘**‘Non-toxigenic’’ and ‘*Non-01°" 
Vibrio Cholerae 


In regards to the serotypes of non-O01 V. cholerae, it has been 
possible to correlate the serotypes of Sakazaki and Smith by 
exchanging bacterial strains and antisera among investigators 
in Japan and the United States. Among non-0! V. cholerae are 
strains which produce toxins with biological properties similar 
to those of cholera toxin. However, the physicochemical prop- 
erties of these toxins are not identical. 

The contamination by cholera vibrios which occurred at 
Tsurumigawa in 1978 emphasized the importance of the en- 
vironmental contamination problem due to the cholera vibrio. 
Although the clinical isolates were all pathogenic, vibrios 
isolated in the environment were mostly nonpathogenic and did 
not Possess toxin genes. 


Enterotoxigenic E. Coli 


Extensive studies have been performed on the toxins produced 
by enterotoxigenic E. coli (ETEC) which is the most common 
causative organism of so-called *‘travelers’ diarrhea.’" Among 
the E. coli toxins, the heat-labile toxin (LT) is very similar to 
cholera toxin in terms of structure and function, and its 
molecular structure has been determined. Hybrid molecules of 
both LT and cholera toxin have been prepared. It has further- 
more been found that the EF. coli toxin genes, unlike V. 
cholerae, exist on plasmids, and their gene structure has been 
elucidated. 

When the causative organisms of diarrheal diseases in 
travelers from various Asian countries were examined, it was 
found that in most cases the illnesses were due to ETEC. Also, 
since 1970, the causative organisms of acute enteritis in the 
Tokyo district have, in many cases, been found to be ETEC. 

Some strains of ETEC produce heat-stable toxin (ST) with 
a smaller molecular weight than that of LT. Such ST is not pro- 
duced by V. cholerae. The molecular structure of ST has been 
clarified, but is pathogenic mechanism is not as clear as that 
of LT. 


Immunity to Cholera 


When cholera toxin was purified, a toxoid detoxified with 
formalin in the presence of glycine was prepared, and a double 
blind comparison study was performed between the vaccinated 
individuals and a nonvaccinated control group in the Phillip- 
pines in 1975. However, a satisfactory protective effect was 
not observed. Somatic antigen IF.) (extract from El Tor cholera 
vibrio V86 strain) was found to have a preventive effect against 
infection following its oral administration to mice, but humans 
have not yet been immunized with this antigen. 





In order to provide protective immunity against clinical in- 
fection, the antigen should be administered orally so that local 
immunization may be achieved in the intestinal tract. The Texas 
Star-SR strain of V. cholerae, developed by Honda et al., is 
a mutant strain which produces only the toxin subunit B. hav- 
ing lost ability to produce subunit A; this strain has been found 
to cause mild diarrhea occasionally in volunteers. However, 
when virulent V. cholerae strains were administered to those 
volunteers, about 60% protection against cholera was observed. 
At present, the Texas Star-SR strain is being compared with 
other types of immunogens such as toxoid/organism 
combinations. 


FUTURE GOALS 


The objective which we should urgently pursue 1s to develop 
a new type of cholera vaccine. Development of a more effec- 
tive vaccine against cholera might also lead to the development 
of an effective control method for travelers’ diarrhea due to 
enterotoxigenic E. coli, and, moreover, might bring about 
marked progress in the research on other kinds of bacterial 
diarrhea. 

Several new species of vibrios with different pathological ef- 
fects were discovered during taxonomic studies on vibrios. In 
the future, it will be necessary to expand the scope of 
bacteriological and pathological research on various NAG 
vibrios. This research will enable us to analyze, in more detail, 
various pathological patterns of diarrheal diseases and, conse- 
quently, will provide us with basic data for further progress in 
the treatment and prevention of these diseases. 

Pathogenic E. coli, Salmonella, Shigella, Yersinia enteroco- 
litica, Campylobacter, and some species of clostridia cause diar- 
rhea due to infections or diarrhogenic toxins with different 
pathogenetic mechanisms; therefore, comparative research on 
the course of infections, and on the structure and mode of ac- 
tion of toxins, will become an important theme for the panel. 

The patterns of occurrence of cholera and similar diarrheal 
diseases are changing year by year, and the cholera epidemic 
is gradually extending even to the Temperate Zone. Therefore, 
epidemiological studies of these diseases is very important for 
prophylactic countermeasures. It will be necessary to investigate 
the case incidence, and the routes of dissemination of cholera, 
in comparison with other diarrheal diseases. It will be necessary 
simultaneously to pursue research on food vectors, particular- 
ly on food imported from places where diarrheal diseases are 
endemic, as well as on the ecology of vibrios and other causative 
organisms of diarrhea. 





PROJECTS SUPPORTED BY THE PROGRAM 


Title 


Experimental cholera in hysterectomy -produced 
colostrum-derived (HPCD) piglets 


Investigator and Institution 


Nobuya Ohtomo and Toyoharu Muraoka 
The Chemo-Sero-Therapeutic Research Institute, Kuma- 


moto The structure-function studies of cholera toxin 
Immunogenicity of cholera toxin detoxified by means of! 
conjugation with pullulan or LPS 
Characterization of monoclonal antibodies againsi cholera 
toxin 
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Makoto Ohashi and Yasuo Kudoh 
Toxyo Metropolitan Research Laboratory of Public 
Health, Tokyo 


Yoshifumi Takeda 
Research Institute for Microbial Diseases, Osaka 
University, Osaka, 
Institute of Medical Sciences, Tokyo University, Tokyo 


Takeshi Yokota, Tatsuo Yamamoto 
School of Medicine, Juntendo University, Tokyo 


Shogo Kuwahara School of Medicine, Toho University, 
Tokyo 


Masaaki Iwanaga 
Ryukyu University School of Medicine, Naha 


Atsuo Ujiiye 
Gumma Institute of Public Health, Maebashi 


Nakaaki Ohsawa 
Faculty of Medicine, University of Tokyo, Tokyo 


Sachio Ogata 
Kyorin University School of Medicine, Mitaka 


Akira Ghoda 
Department of Hygienic Sciences, Kitasato University, 
Tokyo 


Shogo Sasaki and Tadakatsu Shimamura 
Tokai University School of Medicine, Isehara 


Kenji Takeya 
School of Medicine, Kyushu University, Fukuoka 


Shoichi Shimotori 
School of Health Science, Kyshu University, Fukuoka 





Studies on lysogencity of Vibrio cholerae 0] 
Production of enterotoxin and other biologically active 
substances by Vibrio cholerae and allied microorganisms 


Epidemiological studies on cholera and cholera-like diar- 
rheal diseases 
Studies on antibiotic susceptibility of Vibrio cholerae 





Isolation, purification, and characterization of heat-labile 
enterotoxin (LT) produced by enterotoxigenic E. coli, and 
its molecular structure 


Isolation, purification, and characterization of heat-stable 
enterotoxin (ST) produced by enterotoxigenic E. coli, and 
its molecular structure 


Development of simple methods for detecting LT and ST 
Studies on enterotoxin produced by Vibrio cholerae non-0! 
Studies on serological typing of Vibrio parahaemolyticus 


Molecular genetics oa pathogenic factors of enterotoxigenic 
E. coli 


Isolation and purification of colonization factor of Vibrio 
cholerae 01 


Studies on enterotoxin production by Vibrio cholerae 0! 
Studies on hemolysins produced by various vibrios and 
their role in diarrheagenicity 


Time responses of intestinal fluid secretion and cyclic AMP 
levels in experimental cholera 

The mode of action of cholera toxin 

Effects of cholera enterotoxin on the function of rat testicle 
Purification and immunological characteristics of cross- 
reacting protein antigen from Vibrio cholerae 

Experimental cholera in adult mice 


Protective effect of cell component of Vibrio cholerae, 
IF30, against cholera infection and suppression of Ig E 


production 

Oral immunization against cholera by cholera vibrio and its 
cell component 

Experimental cholera in germfree mice 


Detection of heat-labile enterotoxin of Escherichia coli by 
the staphylococcal co-agglutination technique 


Regulation of cholera toxin production 


Lysogenicity and other properties of the strains of Vibrio 
cholerae O01 isolated from the natural environment 


Filamentous structure of Vibrio cholerae 0/ cells appeared 
under a specific growth condition and its role in infectivity 
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Yutaka Zinnaka 
National Defense Medical College, Tokorozawa 


Masaharu Tsuchiya and Hitoshi Asakura 
School of Medicine, Keio University, Tokyo 


Tatsuro Naito 
Institute for Tropical Medicine, Nagasaki University, 
Nagasaki 


Rintaro Nakaya 
Tokyo Medical and Dental University School of 
Medicine, Tokyo 


Kazuhito Hisatsune 
School of Pharmaceutical Sciences, Josai University, 
Sakado 


Toshio Miwatani 
Research Institute for Microbial Diseases, Osaka Univer- 
sity, Suita 





Effects of cholera enterotoxin on immune system 
The mode of entrance of cholera toxin subunits into cells 


Protective mechanism in early phase of parenteral infection 
of vibrios and Escherichia coli 


Mechanism of induction of intestinal immune responses 
Endoscopic and histopathologic studies on cholera and other 
diarrheal diseases 


Pathophysiology of secretory diarrhea experimentally in- 
duced in rats 


Gastrointestinal hormones in cholera and other diarrheal 
diseases 
Electronmicroscopical observation on Vibrio cholerae in the 


State of toxin production 


Fundamental studies on the bacteriophages to type Vibrio 
cholerae and applicability of phage typing 


An experimental cholera in adult rabbits and its application 
Studies on the purification of bacteriologically active com- 
ponents from Vibrio cholerae 


Mechanisms of mucous membrane infection by Shigella 


Studies on chemical, immunological, pharmacological, and 
antineoplastic properties of endotoxic(O-antigenic) lipopoly- 
saccharides of Vibrio cholerae and related Vibrionaceae 


Chemotaxonomical study on Vibrionaceae on the basis of 
the chemical composition of their endotoxic(0-antigenic) 
lipopolysaccharides with special emphasis on Vibrio 
cholerae and related pathogenic vibrios 


Study on Vibrio cholerae \ipopolysaccharides( LPS)-cholera 
toxin(CT) conjugates as a new type of cholera vaccine 


Mechanism of bacterial intestinal infection 
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ABBREVIATED SUMMARY OF THE THIRD 
FIVE-YEAR PERIOD 


An outbreak of cholera along the gulf coast of Louisiana em- 
phasizeu the importance of studies on the environmental ecology 
of V. cholerae 01. Such studies show that V. cholerae (not 
necessarily of the virulent 01 serotype) are routinely found in 
brackish estuarine waiters. The association of V. cholerae with 
shellfish was shown to contribute to the spread of infection in 

Basic studies on intestinal mucosal immunity, using cholera 
toxin as an immunologic probe, emphasized the importance of 
oral immunization for induction of protective mucosal sigA 
responses and demonstrated lasting immunologic memory in the 
mucosal sigA system. Orally induced antitoxic immunity was 
antigens including the O antigen, flagellum and protease also 
were shown to play a role in evoking protective immunity. Of 
considerable importance, volunteers infected experimentally 
with V. cholerae also became highly immune to reinfection for 
at least 1 year, strongly supporting the notion that immunity 
to cholera should be induced orally, possibly with live avirulent 
organisms. With this in mind a mutant of V. cholerae that pro- 
duced the B, but not the A, subunit of cholera toxin (A~B*) 
(and was therefore expected to be avirulent) was developed. 

The mechanisms of action of cholera toxin was further de- 
fined, Seing shown to involve NAD-dependent ADP ribosyla- 
tion of a protein that activated cellular adenylate cyclase, ap- 
parently irreversibly. Cholera toxin resembles some mammalian 
hormones in its subunit structure and mechanisms of action, 
but lacks the target cell specificity of hormones due to its in- 
teraction with ubiquitous GM, receptors on cell membranes. 
Initial studies on the genetic regulation of cholera toxin syn- 
thesis were also performed, which were the forerunner of those 
that would eventually lead to production of toxin gene deletion 
mutants of V. cholerae. 

Prior research on V. cholerae contributed to a rapid advance 
in knowledge of enterotoxigenic E. coli (ETEC). The LT toxin 
was purified, and an A-B subunit structure similar to that of 
cholera toxin was defined. LT was shown to be closely related 
to cholera toxin, but not immunologically identical. The amino 
acid sequence of the B subunit of LT was determined. LT was 
shown to be activated by proteolytic “‘nicking"’ of the A subunit, 
rendering it equal in potency with cholera toxin. E. coli ST toxin 
wus alee purtlied GEW ~ 5,000) and chown to be etrusturaily 

. there being two immunologically related types 
produced by ETEC that infect humans (STh and STp). ST was 
shown to act by activation of cellular guanylate cyclase, but to 
have no effect on adenylate cyclase. The LT gene was cloned 
and a promoter gene that regulates LT transcription was iden- 
tified. An E. coli strain that produced only the B subunit of LT 
was developed as a possible live oral vaccine strain. 

Mucosal adherence of ETEC was studied. A portion of ETEC 
strains (that produce both ST and LT) adhere via pilus-like an- 


tigens termed CFA I or CFA II. Those are encoded by plasmids 
that may also carry genes for toxin synthesis. Other adherence 
antigens are being sought to explain the mucosal adherence of 
strains that produce acither CFA I or CFA II. 

Oral rehydration therapy. for dehydration due to acute diar- 
rhea, originally developed in studies of patients with cholera. 
was shown to be suitable for all causes of diarrhea in all age 
groups using a single glucose- or sucrose-based electrolyte sulu- 
tion. This important therapeutic tool is being promoted 
worldwide for treatment of dehydration due to diarrhea. 


PROGRESS IN PRIORITY AREAS 


Cholera 


At present, control of cholera depends mostly upon effective 
treatment and, in developed countries, on interruption of 
transmission by provision of safe water and effective sewage 
disposal; there is no satisfactory vaccine. The ultimate aim of 
most current research is to develop improved means of control 
either by effective immunization or better methods of interrupt- 
ing transmission. 

Vibrio ecology and epidemiology 

There is growing evidence that virulent V. cholerae, 01 sur- 
vive for prolonged periods in brackish environmental waters, 
such as estuaries, especially in association with copepods (small 
crustaceans), aquatic plants, or shellfish. Such environmental 
reservoirs may serve as a source of human infections over pro- 
longed periods, as has occurred along the United States Gulf 
Coast where as single V. cholerae strain has caused intermit- 
tant outbreaks of cholera for at least 11 years. Nontoxinogenic 
V. cholerae, 01 are also found in environmental waters 
throughout the world, in both cholera-endemic and -nonendemic 
areas. Such strains have been shown to lack the gene for pro- 
duction of cholera toxin, and several tested strains have prov- 
en nonvirulent in volunteers. However, sporadic episodes of 
diarrhea associated with some of these 01 and non-01 strains 
suggest they may have other virulence mechanisms. More in- 
formation is required on the natural history of V. cholerae, 01 
in the environment and the role of environmental reservoirs as 
sources of epidemic or endemic disease. Such information may 
aid efforts to interrupt the transmission of this infection. 
Microbiologic investigations 

The mechanism of mucosal colonization by V. cholerae re- 
mains incompletely defined, but appears to be complex and to 
depend upon several bacterial features. V. cholerae do not pro- 
duce adhesion-promoting pili, but do produce hemagglutinins 
(both cell-associated and soluble) that may facilitate coloniza- 
tion. These have been partly characterized, but their role as pro- 
moters of colonization, and as possible protective immunogens. 
is not fully established. Two types of cell-associated hemag- 
glutinins occur, 1) mannose sensitive, and 2) fucose sensitive, 
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these tend to be produced in a biotype-specific manner. A solu- 
ble hemagglutinin produced by both biotypes has mntrinsic pro- 
teolytic activity which may cause “nicking” of the A, subunit 
of secreted cholera toxin (markedly increasing its toxic activi- 
ty) and the hydrolysis of mucin and fibronectin (aiding penctra- 
ton of the intestinal mucus gel), and may also aid adhesion to 
the mucosal surface. Studies in animals using genetically defined 
nomoxinogenic mutants of V. cholerac (ether A~B™ or A~B*B) 
have shown that intact cholera toxin also aids the colonization 
process significantly. Fully toxmogenx parent strains consisient- 
ly colonize more efficiently than do their A"B™ or AB 
mutants. The mechanism of this effect is unknown. 

Genetically defined toxmn-gene deletion mutants of V. cholerae 
cause mild or moderate diarrhea in an appreciable proportion 
of volunteers, suggesting that these strains produce other. 
previously unrecognized. “‘enterotoxins.”’ The mechanism(s) 
of this diarrhea has not been identified. It must be clarified if 
fully safe. live avirulent vaccines are to be developed. Candidate 
“enterotoxins " include a Shiga-like toxin, shown to be pro- 
duced in small amounts by many 01 and non-O01 V. cholerae. 
and the V. cholerae hemolysin, produced by most El Tor strains. 
and genes for which are also present in classical V. cholerae. 
Whether cither of these agents causes the diarrhea associated 
with nontoximogemic strains is unknown. 

Other virulence mechanisms of V. cholerae have also been 
partially clarified. For example. motility. combined with 
chemotactic attraction to the mucosal surface. probably con- 
tributes significantly to virulence. as demonstrated by ex- 
per-mental studies using nonmotile mutants. Such strains. de- 
rived from virulent parents. colonized the mucosa poorly and 
were only weakly virulent. 


Toxicology and Genetics 


Major progress has been made in the knowledge of cholera 
toxin, its mechanism of action, and especially m the genetic con- 
trol of its synthesis. The complete amino acid sequence of 
cholera toxin has been determined, revealing only minor dif- 
ferences between toxins produced by classical and E] Tor strains. 
Marked similarity has also been demonstrated between the 
amino acid sequences for the B subunits of cholera toxm and 
E. coli LT. Knowledge of how cholera toxin acts at the 
molecular level has advanced. revealing in greater detail the 
guany! nucleotide-dependent process by which the A subunit 
causes ribosylation of an essential protein, which then leads to 
activation of adenylate cyclase and increased intracellular cyclic 
AMP. 

The genes encoding synthesis of cholera toxin A and B 
subunits have been mapped and cloned. and their DNA secuence 
determined: regulatory genes have also been identified. The tox- 
in operon was shown to be duplicated in many strains of V. 
cholerae, especially those of the classical biotype. and to be 
increased in number in hypertoxinogenic strains. The toxin pro- 
moter sequence has been identified and characterized using 
mutants strains. These studies have led directly to the produc- 
tion of A“B™ or A~B* gene deletion mutants of V. cholerac 
that have been evaluated as potential live oral vaccine candidates 
(see below). 

Recent studies have shown, both epidemiologically and in 
volunteers, that susceptibility to cholera is genetically deter- 
muned, being greatest in persons of O blood type. Animal studies 
have also shown that sensitivity to the secretion-producing ef- 
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fects of cholera toxin are regulated by the major histocom- 
patibility gene complex. 


Immunity and Immunizing Agents 


Intestinal immunity to cholera. Svedies im animals and 
humans contunuc to show that mucosal immunity to cholera and 
related diseases depends mostly upon secretory mucosal IgA 
amtibodies. Such antibodies are best induced by orally ad- 
ministered vaccines that are absorbed and stimulate intestinal 
lymphond tssue. Although this can be done using certain nonliv- 
ing antigens. there is growing evidence that live bacteria which 
colonize the intestinal mucosa are particularly efficient im- 
munogens. In animals, i has been shown that live V. cholerac 
are readily “‘ingested™’ by phagocytic M cells in the epithelium 
overlying intestinal Peyer's patches. Bacteria are subsequently 

ited among underlying lymphond cells and carried to sub- 
mucosal follicles, presumably to imitiate a mucosal immunc 
response. In contrast. dead V. cholerae are absorbed very incf- 
ficiently, if at all, by M cells. This observation accords with 
findings in animals and volunteers that live V. cholerae im- 
munize much more efficiently than do killed bacteria and sup- 
ports efforts to immunize mucosally using materials that are cf- 
ficiently absorbed by M cells. Typically. a single small oral dose 
of live virulent or mutamt V. cholerae may evoke substantial 
immunity whereas multple large doses of nonliving antigens 
are required to stimulate even partial protection. 

Another reason for the immunizing efficiency of live bacteria 
is that they evoke immune responses to an array of bacterial 
against V. cholerae LPS and cholera toxin has been described 
in animals, and it is likely that other antibody combinations 
which interfere with different steps in pathogenesis also act 
synergistically, ¢.g. antitoxin and antiflagellar antibodies. The 
demonstration of *‘synergistic immunity” strongly suggests that 
effective cholera vaccines will contain several antigens. rather 
than a single highly purified antigen. 


Specific immunizing agents. Oral immunization with nonliv- 
ing antigens has focused on combinations of toxin-derived an- 
tigens and killed whole bacteria. Cholera toxin 1s highly im- 
munogenic by mouth, but causes diarrhea. Procholeragenoid. 
a heat-induced aggregate of choler 1 toxin, 1s minimally toxic 
and purified B subunit is nontoxic. Both are immunogenic in 
animals, but B subunit is less «) " «> orocholeragenoid, the latter 
being nearly as immunoge-" + cholera toxin. Never- 
theless. B subunit has been ‘ uvely studied in humans 
and is being used in a currem vac ine field trial (see below). 

In an attempt to improve the efficiency of nonliving oral an- 
tigens, efforts have been made to develop adjuvants which might 
be given with the vaccine. One material with moderate activity 
as an oral adjuvant has been identified: a lipoidal amine named 
avridine. It has also been shown that lipid A of Gram-negative 
bacteria acts as an adjuvant when linked to oral antigen by the 
use of liposomes. Further work on the development of prac- 
tical oral adjuvants is required. 

Several live V. cholerae candidate vaccines have been 
developed and tested in animals and volunteers. Texas Star SR 
is a nitrosoguanidine-induced A~B* mutant which grows rather 
poorly due to other genetic lesions. In animals, this strain col- 
onized inefficiently and was only partially protective against ex- 
perimental cholera, even when given in inocula of 10! live 


bacteria; moreover. it evoked a very modest mucosal antitoxin 
only genes for toxin or A subunit production, are genetically 
onized and protected against experimental cholera nearly as ef- 
ficiently as did fully virulent strains; moreover, the A~B* 


Studies in volunteers. Research on volunteers has continued 


to be focused on characterizing immunity to cholera and testing 
candidate vaccines. An important observation has been that 


have shown that infection also causes substantial protection 
animal studies show that the scrotype-specific O antigen is an 
important immunogen. 

Nonliving antigens studied as possible oral vaccines include 
B subunit or id combined with killed V. cholerae. 
Volunteers given 3 doses of 5 mg B subunit plus 2 X 10!! killed 
V. cholerae were significantly protected against challenge with 
virulent V. cholerae (64% prv«. em against clinical diarrhea 
and 80% reduction in stocl voinme), the killed bacteria given 
alone were nearly as protective (56% protection against diar- 
thea, 57% reduction in stool volume). In a related study. pro- 
choleragenoid in sequential doses of 50, SO and 100 ugs com- 
bined with a differemt whole cell vaccine was less protective. 
apparently due to poorer immunogenicity of the killed V. 
cholerae that were used. None of these vaccines caused any 
adverse side effects. A field trial of the B subunit-whole cell 
vaccine is underway in Bangladesh (see below). 

There was a major effort to test candidate live attenuated V. 
cholerae oral vaccines. Three strains have been studied most 
extensively: Texas Star SR (A~B*, chemically induced mutant 
ot El Tor strain Ogawa 3083; JBK 70 (A~B™ gene-deletion mu- 
tant of El Tor strain Inaba N16961); and CVD 101 (A~B* gene- 
deletion mutant of classical strain Ogawa 395). Some 20% - 
$0% of volunteers fed 10° to 10'” viable bacteria of these 
strains developed transient, mild to moderate diarrhea. 
sometimes with abdominal discomfort and anorexia. Volunteers 
fed a single dose of § X 10! Texas Star SR developed only 
modest serum antitoxin titers. When challenged with virulent 
El Tor V. cholerae, Ogawa, they showed about 80% protec- 
tion against illness, but had only moderate protection against 
fecal shedding of V. cholerae. In a second study, feeding of 
10% Texas Star SR twice caused only 56% protection against 
challenge with the heterologous serotype of V. cholerae. 
Although Texas Star SR evoked significant protection, it clearly 
did not match that evoked by fully virulent strains. Studies with 
strain JBK-70 were more promising. Volunteers fed 10° or 10!° 
bacteria one time, showed nearly 90% protection against illness 
when challenged with the virulent parenteral strain. Also, they 
were better protected against fecal excretion of the challenge 
strain. This demonstrates the greater efficacy of a genetically 
engineered mutant strain, and the induction of marked protec- 
tion that was not dependent upon chelera antitoxin. These studies 
offer considerable promise tor development of an effective live 
oral cholera vaccine provided a mutant strain can be developed 





Vaccine field trial. A double-blind controlled vaccine trial 
is underway in Bangladesh, with support from a number of 
efficacy of killed V. cholerae given alone (2 X 10'! bacteria 
given orally three times at 4-week intervals) with that of the 
same vaccine combined with | mg of pc-ified B subunit. The 
trial is based on evidence that these vaccines are safe and 
significantly protective in volunteers. In previous studies they 
were shown to be immunogenic in adult Bangladeshis. The aims 
of the trial, which will involve 165,000 persons. are: 


1. to determine the extent and duration of protection against 
cholera offered by cach vaccine: 

2. to determine whether the combined vaccine protects 
against disease caused by LT-producing EF. coli: 

3. to determine whether infants nursing immunized mothers 
are protected against cholera: and 

4. to correlate protection with antibody responses in scrum 
and breast milk. 

Milk-borne immunity to cholera. Epidemiological studies in 
Bangladesh have conclusively shown that IgA antibodies to 
cholera toxin and V. cholerae LPS, presemt in breast milk, 
significantly protect nursing infants from diarrheal illness duc 
to V. cholerae, although they do not prevent asymptomatic in- 
fection. Each of the antibodies exerts its protective effect in- 
dependently of the other. These studies directly suppor the con- 
cept of oral immunization of mothers. to induce IgA antibodies 
in colostrum and milk. as a means of protecting nursing infants 
from certain enteric infections. 

Enterotoxigenic E. coli 

Enterotoxigenic E. coli (ETEC) is one of the most important 
causes of diarrhea among young children in developing coun- 
tries and among persons who travel from developed to develop- 
ing countries. Illness is caused by E. coli which adhere to the 
intestinal mucosa and claborate one or two types of enterotox- 
ins; its pathogenesis thus resembles cholera. in a general way. 
Present research is aimed at clarifying the mechanisms of 
mucosal adhesion and toxin action, and mm searching for effec- 
tive approaches to immunization. 


Enterotoxins 
Heat labile toxin (LT). Ts isolated from E. coli pathogenic 


for humans (LTh) and pigs (LTp) differ slightly with regard 


to the nucleotide sequence of the LT B subunit gene and the 
amino acid content of the B subunits (6 amino acid differences 
out of 203 total). The amino acid sequence of the porcine LT 
B subunit has been determined and shown to have extensive 
homology with the B subunit of cholera toxin. The genes en- 
coding LT synthesis (both A and B subunits) have been cloned. 
This has permitted the construction of plasmids carrying only 
the LT B subunit gene; such plasmids may prove useful in the 
development of live oral ETEC vaccines that produce only LT 
B subunit. It has also allowed preparation of an LT gene probe 
that can rapidly detect LT production by isolated FE. coli or 
presence of LT in the stool, in samples of food or from the en- 
vironment. This technique was very useful in epidemiological 
studies of ETEC disease. 


Heat stable toxin (ST). Three distinct STs have now been 
identified. ST), and ST), which cause disease in humans, are 
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closely related antigens, and are included in the terms STa or 
ST i. A third ST, STb or ST Il, ts antigenically distinct and 
causes disease only im pigs. STa causes intestinal secretion by 
activation of mucosal guanylate cyclase. In contvast, STb ap- 
pears to act by an independent method which does not involve 
cychc nuclcondes. Its exact mechanism of action 1s not known 
Genes encoding the production of STa and STb have been cloned 
and gene probes developed, as for LT B subunit. These have 
greatly aided epidemiological studics of ST disease by 
climinating the need for tedious suckling mouse or porcine in- 
testinal loop assays. The gene probes are still somewhat incon- 
vemenmt, however, because they utilize a short lived radiolabel 
Efforts to develop an ELISA assay to detect ST have shown 
considerable progress. The main difficulty of producing an an- 
tibody to the nonimmunogenic ST molecule has been largely 
overcome with the availability of polyclonal and monoclonal 
antibodies. A simple ELISA assay for ST would represent a 
major diagnostic advance 


Colonization factors. Adherence of ETEC to intestinal 
mucosa 1s a critical step in pathogenesis. Models for studying 
such adherence using human ileal epithelial cells have been 
developed and should yield valuable information on the 
adherence process. At least three colcaization factor antigens 
(CFA), which form fimbna on the E. coli surface and participate 
in mucosal attachment, have been identified. They are CFA I, 
CFA Il, and E8775. CFA II has been shown to exhibit antigenic 
polymorphism. Colonization factors are of particular interest 
because conceivably they may be important immunogens for 
prevention of ETEC disease. However, many ETEC trains 
possess none of these three antigens. presumably adhering by 
ower, yet-to-be-identified mechanisms 


Immunity to ETEC Disease 


Only modest progress has been made toward cevelopment 
of an ETEC vaccine. As with cholera, it ts presumed the vac- 
cine will have to be a multiantigen material, possibly a live 
genetically engineered mutant or a combination of mutants. The 
critical antigens to be delivered are, however, only partly 
understood. Studies in volunteers have shown that immunity 
to LT, evoked by challenge with an LT-producing strain, gave 
insignificamt protection against rechallenge with an antigenically 
unrelated LT-producing strain. Attempts to immunize volunteers 
orally with purified CFA | or CFA II met with only limited 
success despite the oral administration of large amounts of an 
tigen. Somewhat more promising is evidence that live £. coli 
bearing only the CFA II antigen (i.c. nontoxinogenic) colonize 
the intestine and evoke significant resistance to illness caused 
by a fully virulent CFA II-bearing sirain. The possibility that 
vaccine strains which produce several important colonization 
factor antigens and the B subunit of LT can be genetically con- 
structed is being explored. It would be very desirable for such 
strains to also evoke immunity to STa, but there is no present 
knowledge on how this might be done. Carriers for these an 
tigens might be avirulent £. coli or another live vaccine such 
as Ty2la, the avirulent live oral typhoid vaccine 


18 





ABOVE: Gravid copeped (Eurytemora affinis) collected from the 
Patuxent River, washed free of contaminating bacteria, and then 
artificially recolonized with Vibrio cholerae CA # i (mag X 69). 
BELOW: Egg sac from Eurytemora affinis showing attached cells 
of Vibrio cholerae CA 401 (mag X 440). 
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FUTURE GOALS 


Studies on the environmental ecology of V. cholerae 01 will 
continue. A major goal will be to determine how virulent V 
cholerae 01 survive for years in estuarine waters, c.g. the Gulf 
of Mexico, other goals are to define the role of environmental 
sites as (a) interepidemic reservoirs and (b) important sources 
for periodic reimtroduction of V. cholerae 01 into susceptible 
populations. Such information should help define effective ways 
to interrupt the transmission of infection and, possibly, to pre 
vent the initiation of epidemics 








Further studies on the virulence mechanisms of V. cholerae, 
Ol are required. The mechanisms of mucosal adhesion needs 
to be better understood, and the antigens involved in adhesion 
must be defined. The role of hemagglutinins of V. cholerae 01 
in this process need particular attention. The cause of diarrhea 
in persons fed A~B~ or A~ B* gene-deletion mutants needs 
to be determined. The question is whether diarrhea results from 
one or more *‘enterotoxins’’ produced by these strains or is it 
an inevitable result of the colonization process, e.g. a 
**mechanical”’ perturbation of mucosal function by the coloniz- 
ing bacteria? The vibrio hemolysin (cytotoxin) and shiga-like 
toxin deserve particular attention as candidates for study as 
unrecognized “‘‘enterotoxins’’ of V. cholerae 01. If new 
enterotoxins are defined, their genetics should be determined 
and gene deletion mutants developed and tested as live oral vac- 
cines. The results of these studies should greatly aid efforts to 
develop an effective and safe cholera vaccine. 

Efforts to develop a satisfactory cholera vaccine will continue. 
Candidate vaccines will likely be given orally and consist of 
either multiantigen nonliving preparations or live avirulent 
mutants of V. cholerae 01. Attempts to improve nonliving vac- 
cines should include (a) the inclusion with whole bacteria or 
bacterial products of a maximally immunogenic, but safe, tox- 
in derivative, such as procholeragenoid, (b) inclusion of any 
antigens of proven importance in mucosal colonization, and (c) 
the possible use of coadministered adjuvants. It will be impor- 
tant to specifically determine the immunizing capacity of other 
poorly studied antigens of '. c»»erae 01, such as flagellar 
sheath protein, hemagglutinins, »nd other outer membrane pro- 
teins. Live nontoxinogenic V. chulerae 01 should be developed 
that do not produce putative toxins, such as shiga-like toxin or 
hemolysin, by genetic manipulation. Their safety and immuniz- 
ing efficacy merits evaluation in vy. unteers. If mucosal adhe- 
sion is considered likely to cause mild diarrhea, the immuniz- 
ing efficacy of large inocula of viable, but nonadherent and non- 
toxinogenic, V. cholerae 01 should also be studied in volunteers. 
When attractive candidate live or nonliving vaccines are 
developed, studies should be performed to determine optimal 
immunizing schedules, the duration of protection which they 
evoke, the extent of protection against heterologous serotypes 
and biotypes of V. cholerae and against LT-producing strains 
of E. coli. The ideal cholera vaccine should be protective after 
one or two oral doses, inexpensive, and administered easily 
under adverse conditions. Heat stability and moisture resistance 
are obvious requirements. 

Studies on basic intestinal immunology, especially those 
related to induction of secretory IgA responses, should continue. 
Mechanisms which control the antigen-sampling function of M 
cells should be defined. Similarly, features of live bacteria or 
nonliving antigens that affect the efficiency of their uptake by 
M cells should be determined. It should also be determined 
whether increased uptake of an antigen by M cells is an impor- 
tant determinant of its mucosal immunizing efficiency. Further 
studies are also required to identify adjuvants for mucosal im- 
mune responses, especially those that are active orally, and to 
determine their mode of action. 

Studies of other enterotoxinogenic bacteria, especially ETEC, 
will also continue. Of particular importance are studies aimed 


at further definition of the mechanism of intestinal adhesion of 
ETEC, especially ST-only strains, with a search for additional 
adherence-factor antigens. It will also be important to deter- 
mine whether, ETEC produce unrecognized enterotoxins, such 
as shiga-like toxin (similar to V. cholerae 01), that might be 
of importance in attempt. ‘o dcvelop a safe, live oral ETEC 
vaccine. Diagnostic assays for use in clinical and field studies 
concerning ETEC need to be improved. Specifically, a simple 
ELISA or similar type of assay for ST is required, and toxin 
gene probes for ST and LT that do not use radiolabels are 
needed. Attempts to develop an ETEC vaccine will continue. 
Initial efforts should focus on development and testing of 
genetically engineered strains of E. coli that produce coloniza- 
tion factors (CFA I, CFA II, E8775) and the B subunit of LT. 
If new colonization antigens are defined, these will also be in- 
cluded. Attempts should also be made to genetically engineer 
E. coli that produce an immunogenic but nontoxic form of ST, 
so that live vaccines can also evoke immunity to this toxin. 
Studies should be directed toward determination of the role of 
specific milk antibodies in protecting agains: ETEC disease in 
nursing infants and to determine how such antibodies can best 
be evoked in nursing mothers. Studies on *‘enterotoxins’’ pro- 
duced by a number of other enteric pathogens will continue, 
including Campylobacter jejuni, Aeromonas hydrophila, 
shigella, salmonella and enteropathogenic E. coli. The principal 
aim is to define these toxins and to establish their role in 
pathogenesis of, and immunity to, acute diarrhea. 


A popular watering spot, boat landing, and frequent source of 
Vibrio cholerae serovar 01 along the Ganges River near the Matlab 
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PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution Title 


GRANTS 


L. Joe Berry 
University of Texas at Austin 


Harvey J. Brandwein 
Genetic Diagnostics Corp. 


Paul S. Cohen 
University of Rhode Island 


Sam T. Donta 
University of Connecticut Health Center 


Stanley Falkow 
Stanford University 


Richard A. Finkelstein 
University of Missouri at Columbia 


Rolf G. Freter 
University of Michigan 


Michael D. Gill 
Tufts University 


Neal M. Guentzel 
University of Texas, San Antonio 


James B. Kaper 
University of Maryland at Baltimore 


Arnold S. Kreger 
Wake Forest University 


Chao-Hung Lee 
Indiana University 


John J. Mekalanos 
Harvard University 


Alison D. O’Brien 


U.S. Uniformed Services University of the Health 


Sciences 


Stephen H. Richardson 
Wake Forest University 


Donald C. Robertson 
University of Kansas at Lawrence 


William R. Romig 
University of California, Los Angeles 


of COPY AVAILABLE 


Pathogenesis of campylobacter fetus infections 

Monoclonal antibodies and immunoassay for EF. coli toxin 

Molecular basis of E. coli colonization 

Modulation of receptor-mediated responses to enterotoxin 

Virulence determinants of Escherichia coli 

Escherichia coli diarrheagenic enterotoxins cholera: Patho- 
genesis and immunology 

Bacterial adhesion in the microecology of the large gut 

Mechanism of action of cholera toxin 

Pathogenic vibrio-intestinal mucosal interactions 

Molecular genetics of Vibrio parahaemolyticus hemolysin, 
development of a live oral cholera vaccine 

Toxins of Vibrio vulnificus 

Dissemination of bacterial enterotoxin genes 


Genetic analysis of toxinogenesis in Vibrio cholerae 


Shiga-like toxin of Escherichia coli 


H-2 gene-modulated cholera enterotoxin response 


Pathogenicity of enterotoxigenic Escherichia coli 


Genetic studies on Vibrio cholerae 











Richard Sack Development of live oral E. coli vaccine 
Johns Hopkins University 


Patricia L. Shipley Colonization factors of enterotoxigenic E. coli 
Virginia Commonwealth University 


Ronald K. Taylor Genetics of cholera toxin regulation and secretion 
Harvard University 





Michael R. Thompson E. coli/Yersinia enterocolitica stable toxins and receptors 
University of Cincinnati 


Grace M. Thorne Virulence factors of E. coli diarrheagenic for man 
New England Medical Center Hospital 


CONTRACTS 
Myron M. Levine Facility for study of infectious diseases, vaccines 
University of Maryland at Baltimore 
Richard B. Sack Establish an infectious enteric disease study center 


Johns Hopkins University 
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Joint Scientific Conferences 


CHOLERA PANELS 


Date: October 6-8, 1980 


Place: Gifu, Japan 

Summary: Forty-two papers were presented in the presence 
of 81 participants. As usual, epidemiology and pathology of 
of the causative organisms, and immunology and development 
of vaccines were the main subjects. Special attention was paid 
to the topics such as the regulatory mechanism in the toxin pro- 
duction by V. cholerae, the mode of binding to the cell surface 
and subsequent internalization of cholera toxin into the cell, and 
the genetic analysis of the plasmids of enterotoxigenic E. colli. 
Results of the volunteer study of peroral live cholera vaccine 
were also presented. Some important findings suggesting the 
possible participation of factors other than cholera enterotoxin 
in diarrhea were reported, and it was thought that further in- 
vestigation would be necessary prior to practical application of 
such a live vaccine. Another important topic was an outbreak 
of cholera caused by a multiply antibiotic-resistant V. cholerae. 


Date: October 25-28, 1981 


Place: Hyatt Regency Hotel, Baltimore, Maryland 
Summary: This important meeting was attended by more than 
110 individuals, including five members of the Japanese Cholera 
Panel and nine other foreign attendees. Forty papers were 
chosen for presentation from among 60 submitted abstracts. The 
program covered the following major topics: immunology and 
vaccine development, mucosal immunology, bacteriology and 
virulence factors, clinical studies, genetics, and enterotoxins. 

Investigators at the Johns Hopkins University reported on their 
studies in animals to show that oral administration of pro- 
choleragenoid is an effective mucosal immunogen. Other in- 
vestigations by this group support the notion that mucosal im- 
mune response to cholera toxin and other antigens of V. cholerae 
act synergistically to prevent experimental cholera. In the future, 
a multivalent oral vaccine containing procholeragenoid rather 
than active toxin may prove both safe and protective in man. 

Cholera lectin has been isolated to homogeneity by in- 
vestigators at the University of Missouri. Preliminary studies 
suggest that attachment by cholera vibrios ~ intestinal 
epithelium may involve a consortium of factors in which cholera 
lectin plays a major role. 

In a prospective controlled clinical trial in Mexico, in- 
vestigators at the University of Texas Medical School demon- 
strated Bicozamycin to be efficacious and safe in the treatment 
of acute travelers’ diarrhea mediated by toxigenic E. colli. 


Other outstanding papers were presented by both U.S. and 
Japanese investigators in the areas of toxinology, genetics, and 

The Japanese Cholera Panel agreed to publish the proceedings 
of this important conference. 


Date: November 28-December |, 1982 


Place: Kirashiki, Okayama, Japan 

Summary. Several important observations were presented on 
enterotoxins. Among them were: confirmation of antigenic dif- 
ferences between heat-labile toxins (LT’s) of E. coli of human 
and porcine origin; determination of base sequences of LT gene 
on Ent plasmid; and determination of primary structure as well 
as artificial synthesis of heat-stable toxin of E. coli (ST). It was 
also reported that gene analysis had been introduced into the 
study of virulence factors, and into the study of the causative 
organisms of cholera-like disease, including enterotoxigenic 
E. coli, V. parahaemolyticus and others. Basic studies for the 
development of effective vaccines were described by many 
investigators. 


Date. October 17-19, 1983 


Place: National Institutes of Health, Bethesda, Maryland 
Summary: Over 130 individuals attended this conference; in- 
cluding five members of the Japanese Cholera Panel and 10 ad- 
ditional Japanese guests. Thirty-nine papers were chosen for 

ion from among 62 submitted abstracts. The program 
consisted of the following sections: epidemiology , bacteriology 
and virulence factors, toxinology, genetics, immunology and 
vaccine development, and pathophysiology. 

The most important development in cholera research reported 
at the meeting dealt with the discovery aad early characteriza- 
tion of hitherto undetected enterotoxin(s) (E. coli heat-stable 
toxins and Shiga-like toxin) by a number of investigators work- 
ing with V. cholerae and E. coli. Their discovery will have 
great impact on basic research directed at improved vaccine 
development. Several live, oral cholera vaccine candidate strains 
developed using recombinant DNA techniques were reported 
by investigators affiliated with the University of Maryland and 
Harvard University. The scientific papers presented by the 
Japanese and American scientists were of the highest quality. 
The proceedings of this conference were scheduled to be 
published by the Japanese Cholera Panel. 
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Date: November 6-8, 1984 


Place: Nara, Japan 


Summary: At this joint conference, cloning of the hemolysin 
gene of V. cholerae as well as of V. parahaemolyticus, isola- 
tion and purification of ST receptor on the intestinal mucosa, 
and the mechanism of biosynthesis and release of cholera 
enterotoxin were major subjects. From the comparative studies 
on the base sequence of the genes of cholera and related 
enterotoxins, the evolutionary relationship of these toxins was 


discussed. The biological activity of LT was analyzed based on 
its amino acid sequence. To develop a more effective vaccine, 
the immunologic studies on cholera have been continued. For 
instance, the role of M cells in Peyer's patches on antigen 


recognition and subsequent transfer to lymphocytes was ana- 
lyzed. Since this year was the centennial of Robert Koch's 


publication on the pathogenic importance of V. cholerae, a very 
important symposium commemorating R. Koch was held a day 
before the main conference, and cholera studies during the past 
100 years were summarized. Attendees came from many parts 
of the world. 
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Japanese Environmental Mutagenesis 
and Carcinogenesis Panel 


BROAD GOALS 


The primary research activities have progressed according 
to the panel's guidelines which were revised in 1978-79. These 
guidelines concentrate on studies to determine the effects of 
chemical compounds on human health, especially mutagens and 
carcinogens, which have been introduced into the environment 
by man. 


A. Detection of mutagens and carcinogens. 


1. Development, refinement, and validation of mutagen- 
icity assay systems for use in mass screening programs: 

2. Improvement in the ability to make human risk 
estimations; 

3. Investigation of factors which modify mutagenic and 
carcinogenic activities: 

4. Investigation of structure-activity relationships of both 
mutagens and carcinogens; 

5. Detection of mutagens, carcinogens, and tumor pro- 
moters in the environment; 

6. Detection of mutagens and carcinogens in foods. 


B. Surveillance to determine the occurrence and effects of 
mutagens and carcinogens in the environment on humans. 


1. Development of methodology for monitoring human 
populations for mutations; 

2. Application of human monitoring methods, 
surveillance of high-risk populations to genetic damage 
and carcinogenesis; 

3. Development of methodologies for monitoring the en- 
vironment for the presence of mutagens and 
carcinogens; 

4. Development of methodologies for epidemiological in- 
vestigations of human populations suspected or known 
to have been exposed to mutagens or carcinogens. 


PROGRESS IN PRIORITY AREAS 


Development, Refinement, and Validation of 
Short-Term Test Systems for Mutagens and 


Carcinogens 


Several members of the panel participated in the international 
program for the evaluation of mutagenicity test systems which 
were widely used as primary screening methods of potential car- 
cinogenic compounds. The Salmonella mutation test, the E. coli 
mutation test, and the Rec-assay were studied on 42 coded 
chemical compounds. The test systems were validated by com- 
parison with other systems and test data. 

In the test of histidine containing samples such as foods by 
the Ames’ Salmonella mutation test, histidine should be 


eliminated from the sample before the test. New tester strains. 
streptomycin-dependent Salmonella TA98 and TAI00, were 
isolated for use in new bacterial mutation test systems which 
were not affected by histidine in test samples. 

A new cell line, CHL/IU was isolated and established from 
Chinese hamster fibroblasts. This cell line has a high sensiti- 
vity to mutagens and appears suitable for the in vitro 
chromosome aberration test. Many environmental chemical 
compounds were tested by this new chromosome aberration test. 

Sister chromatid exchange was studied using several culture 
cell lines and a suitabie cell line was established. Incorporation 
of an in vitro metabolic activator into the sister chromatid ex- 
change assay was also studied, and the method was developed 
and established. 

A new in vitro mutation assay using cultured hamster cells 
with diphtheria-toxin resistance as a phenotypic selection marker 
was developed. This method could be used as an in vivo muta- 
tion assay for the detection of somatic mutation in laboratory 
animals and humans. 

An in vitro unscheduled DNA synthesis method detecting the 
repair synthesis of damaged DNA caused by chemical 
substances was studied using the organ cultures of several tissues 
of human origin. 

Using the organ specificity of carcinogens, in vivo/in vitro 
short-term assay detecting stomach carcinogens was developed. 
Chemical compounds were administered to rats by a stomach 
tube and then the induction of unscheduled DNA synthesis. total 
DNA synthesis, and ornithine decarboxylase were measured, 
after in vitro incubation of mucosa from the glandular stomach. 
By this assay method, both tumor initiators and tumor promoters 
of stomach carcinogenesis could be detected. 


Investigation of Factors Which Modify Mutagenic 
and Carcinogenic Activities 


The occurrence of anti-mutagens, which block mutation in- 
duction processes by chemical compounds, and desmutagens., 
which destroy biological activities of mutagenic compounds, 
was studied in several pure and crude compounds. A desmutagen 
was found in the juice of several fresh vegetables and fruits. 
An active principle was isolated and identified as a protein hav- 
ing peroxidase-like activity. 

Mutagenic activities of heterocyclic amine-type mutagens 
isolated from pyrolysis products of amino acids were destroyed 
by the action of peroxidases plus H,O, and also by treatment 
of HNO,. ni 


Investigation of Structure-Activity Relationships 
of Both Mutagens and Carcinogens 


The mutagenicity of naturally occurring mutagens, flavonoids, 
anthraquinones, naphthoquinones, and benzoquinones, present 
in edible plants such as vegetables and fruits, and in medicinal 
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plants, were studied for the possible relationship between 
chemical structure and mutagenic activity. Mutagenic activities 
were manifested by introduction of hydroxy! groups into these 
compounds. The position in the compounds and the types and 
numbers of hydroxyl groups modified the mutagenic activities. 

Because of the large human intake of flavonoids, which are 
widely present in edible vegetables and fruits, risks of these com- 
pounds on human health should be clarified. Quercetin, which 
is widely distributed in plants, was selected as an example of 
a flavonoid. The carcinogenicity of quercetin was studied using 
rats, mice, and hamsters. Although quercei'n was mutagenic 
in several in vitro mutation tests, it was not carcinogenic in small 
rodents. 


Detection of Mutagens, Carcinogens, and Tumor 
Promoters in the Environment 


Nitropyrenes were identified as one cause of the mutagenic 
activity detected in diesel engine exhausts and atmosphere air- 
pollutants. These compounds are very potent mutagens. 
Dinitropyrenes were shown to be carcinogenic in animal 
bioassays, but the carcinogenicity of mononitropyrenes was not 
detected. 

An active principle of the carcinogenic bracken fern was 
isolated and identified as ptaquiloside, a norsesquiterpene 
glucoside. Its carcinogenicity and toxicity were detected in rats 
and calves. This is consistent with the effects of bracken fern 
on these animal species. 

New classes of tumor promoters with chemical structures dif- 
ferent from known tumor promoters were discovered in the 
culture media of Streptomyces and in biue green algae seaweed. 
These were the indole alkaloids, teleocidin and dihydro- 
teleociden from Streptomyces, and lyngbyatoxin from seaweed, 
and the polyacetates, aplysiatoxin and debromoaplysiatoxin, 
from seaweed. 


Detection of Mutagens and Carcinogens in 
Food 


The pyrolysis mutagens, Trp-P-1 and Trp-P-2 isolated from 
pyrolysates of tryptophan, Glu-P-1 and Glu-P-2 isolated from 
pyrolysates of glutamic acid; and AalphaC and MeAalphaC 
isolated from pyrolysates of protein were shown to be car- 
cinogens in animal bioassay tests. 

New potent mutagens having unique chemical structures were 
isolated and identified as IQ and MeIQ from broiled sun-dried 
sardines, and MelQx and IQ from broiled beef and heated beef 
extracts. These new classes of mutagens have an amino- 
imidazole skeleton as a common chemicai structure. The car- 
cinogenicity of IQ was also shown by animal bioassay. 

Glu-P-1, Glu-P-2, and IQ induced multiple tumors in several 
organs such as liver, small intestine, large intestine, Zymbal 
gland, and brain of rats. 

The precursors of amino-imidazole type mutagens, MelQx, 
1Q, and MelQ were studied. MeIQx was isolated from mix- 
tures of creatinine, amino acids, and glucose which were heated 
to about 130°C. The amino-imidazole type mutagens were 
probably produced in meats through the Maillard reaction. 

New mutagens, 7,8-DiMelIQx and 4,8-DiMelQx, were 
isolated from the heated mixture of creatinine, glycine, and 
glucose and of creatinine, alanine, and glucose, respectively. 
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1-Methyl-1 ,2,.3,4-tetrahydro-beta-carboline-3-—carboxylic 
acid and tyramine were isolated and identified as precursors of 
mutagens which were produced by a treatment of soy sauce with 
nitrite. The former was produced from tryptophan, and the lat- 
ter was produced from tyrosine during the fermentation proc- 
ess of the soy sauce. These precursors of mutagens in soy sauce 
may produce mutagens in the stomach by the reaction with 
nitrite. The carcinogenicity of co-administration of soy sauce 
and nitrite is being studied. 


Developmental Methodology of Monitoring 
Human Populations for Mutations 


Chromosome aberrations and sister chromatid exchanges were 
studied in the PHA-stimulated lymphocytes obtained from 
peripheral human blood to determine if they could be used to 
monitor human exposure to environmental chemicals. 

Retinoblastomas and Wilms’ tumors (nephroblastomas) were 
identified as markers in human population ‘or mutations in germ 
cells and somatic cells. Ninety-five percent of cases of 
retinoblastomas occur sporadically. Sporadic bilatera! 
retinoblastomas were usually due to dominant germina! muti 
tions, and most cases of sporadic unilateral retinoblastomas were 
due to nonhereditary somatic mutations. Sporadic 
retinoblastomas may be used for surveillance of both germina! 
and somatic mutations. 


Application of Human Monitoring Methods, 
Surveillance of High-Risk Populations to 


Genetic Damage and Carcinogenesis 


The frequencies of chromosome aberration and of sister 

chromatid exchange in PHA-stimulated lymphocytes were in- 
creased in workers engaged in stainless steel welding. This was 
due to the exposure to particles containing chromium and to 
ozone. The frequency of sister chromatid exchange in smoking 
workers was significantly higher than that in nonsmoking 
workers. The frequency of sister chromatid exchange was 
elevated in PHA-stimulated lymphocytes which were obtained 
from the peripheral blood of workers who sprayed dyes to detect 
metal cracks. Sister chromatid exchange was shown to be a good 
marker for monitoring human exposure to environmental 
mutagens. 
Inducibility of sister chromatid exchange in peripheral blood 
lymphocytes by known mutagens and clastogens appeared to 
show individual variability, but some people showed high in- 
ducibility of sister chromatid exchange by mutagens. This in- 
ducibility of sister chromatid exchange could possibly be used 
for detecting high-risk groups exposed to environmental 
chemicals. 


SUMMARY OF 13 YEARS OF PROGRESS AND 
ITS IMPACT 


Availability of short-term mutagenicity tests, especially the 
Salmonella mutation test, the Rec-assay, the silk-worm 
mutagenicity test, and the in vitrc chromosome aberration test 
were developed, studied, and improved. These tests now are 
widely used for detecting environmental mutagens and car- 
cinogens. The relationship between mutagenicity and car- 
cinogenicity of chemicals was clarified, and it was proved that 








all in vitro mutagens were not necessarily carcinogenic. Short- 
term in vitro mutagenicity tests were widely used as primary 
screening tests for potential carcinogens. Several scientists on 
this panel in close cooperation with members of the U.S. panel 
were actively involved in the WHO-IPCS international program 
for the evaluation of mutagenicity tests as short-term tests for 
potential carcinogens. 

This panel was established in 1972, the same year as the En- 
vironmental Mutagen Society of Japan was established, follow- 
ing the American Environmental Mutagen Society and the Euro- 
pean Environmental Mutagen Society. In the same year, the 
mutagenicity of AF-2, a major food additive in use then, was 
discovered by the in vitro chromosome aberration test using 
human lymphocytes. Public interest on the mutagenicity of en- 
vironmental chemicals began to increase. The first workshop 
of this panel was held in July of 1974 and considered the prob- 
lems of AF-2. The genetic toxicity and carcinogenicity of AF-2 
was discussed because of the possible relationship between 
mutagenicity and carcinogenicity. The carcinogenicity of AF-2 
was shown by the induction of forestomach tumors in mice. 
The usage of AF-2 was banned soon after this workshop. Bas- 
ed on this experience and the worldwide increasing usage and 
interest in environmental mutagens, several mutagenicity tests, 
such as Salmonella and FE. coli bacterial mutation tests and in 
vitro chromosome mutation tests were adopted as a battery of 
toxicity tests for the safety evaluation of medical drugs, 
medicinal preparations, cosmetics, food-additivies, feed- 
additives, pesticides, and herbicides. The bacterial mutagenicity 
test data were also included in the notification of new chemical 
usage prepared for new industrial processes. Such lists could 
aid in the prevention of occupational cancer after 1979. 

The formation of mutagens during the cooking of foods was 
first discovered in 1976 by Japanese studies using the Salmonella 
mutagenicity test. More than 10 new mutagens were isolated 
from cooked foods and pyrolysates of amino acids and proteins. 
Their carcinogenicity also has been shown by bioassays in mice 





and rats. This new finding triggered worldwide interest in this 
new research area. Workshops on this topic were organized by 
this panel in 1981 and again in 1984, and cooperative research 
studies between Japan and U.S. investigators were initiated. 
Studies on the significance and risk estimation of mutagens and 
carcinogens in foods, especially cooked foods, for the causes 
of human cancer have been started. 


FUTURE GOALS 


1. Jn vitro short-term assay tests to be used as primary 
screens for potential carcinogens were established. It became 
clear that all mutagens detected by in vitro short-term assay 
were not necessarily in vivo genetic toxicants or carcinogens. 
It is urgent and important that appropriate in vivo short-term 
tests be developed for the evaluation of the effects on 
laboratory animals and humans by mutagens—potential car- 
cinogens, which have been detected in the environment by 
these in vitro short-term mutation tests. 

2. Although the mutagenicity tests are effective short-ierm 
assays for detecting tumor initiators, the detection of tumor 
promoters simultaneously with tumor initiators is important 
for the purpose of cancer prevention. Development of the 
short-term assay for tumor promoters is also an urgent and 
important subject. 

3. Development of methods for monitoring mutations in 
human populations and of automated systems for detecting 
chromosome aberration, sister chromatid exchange, and 
unscheduled DNA synthesis are important goals, as in 
surveillance of high-risk populations genetically predisposed 
to genetic damage and carcinogenesis. 

4. The study of oncogene activation in laboratory animals 
and humans by environmental mutagens and carcinogens, and 
its application for monitoring high-risk subpopulations are also 
important future goals. 








U.S. Environmental Mutagenesis 
and Carcinogenesis Panel 


BROAD GOALS 


Human exposure to toxic Chemicals—occupationally . through 
synthetic chemicals found in food, water, or air, or as natural- 
ly occurring chemicals in the environment-—can result in diverse 
health effects ranging from nondetectable to lethal. Effects may 
be expressed immediately or decades following initial exposure. 
The two environmentally related health effects of concern to 
this panel are cancer and heritable genetic disorders. They have 
two characteristics in common. The effects are not generally 
associated in time with exposure to the causal agent. 1.¢.. the 
effect is not immediate. The health effects are largely irrevers- 
ible. In each case, the panel's goal is to promote preventive 
health measures through the identification of mutagens and car- 
cinogens, and, subsequently. to eliminate or restrict human ex- 
posures to such chemicals. 

Development of better methods to screen chemicals before 
they are released into the environment and to provide thorough 
evaluation of chemicals already present in the environment is 
the primary activity area of this panel. Exploratory experiments 
on various classes of chemicals (drugs, food additives, 
pesticides, cosmetics, industrial compounds, etc.) showed 
numerous examples of agents with genetic activity in experimen- 
tal organisms. The problem is to determine their effect on 
humans. 

Another panel goal is to develop test methods for human 
population monitoring to detect genetic damage that may lead 
to adverse human health effects related to genetic disease and 
cancer. To ensure validity of any screening program, new ap- 
proaches need to be developed for population monitoring and 
epidemiology. Better tests are required to evaluate the effects 
of accidental or deliberate exposure to mutagenic agents on 
human somatic cells and germ cells. Exposure of germ cells 
may induce damage transmissable to future generations. Some 
effects are recessive and not expressed for many generations. 
Dominant gene mutations and various chromosome aberrations 
have immediate expression and may produce abortion or various 
birth defects in a viable child. Simple tests need development 
for use in evaluating readily available samples of body tissues 
of workers in various industries which use highly toxic reagents. 

The joint panel activities are characterized by a high level 
of interaction and frequent communication between U.S. and 
Japanese — The problems identified by the joint panels 
during the past 5 years were acted upon by a variety of 
mechanisms within the context of the U.S.-Japan Cooperative 
Medical Sciences Program and through our contact with other 
international organizations. The Joint Panel Conferences and 
Workshops will provide a forum for problem identification and 
resolution in this important research area during the next S-year 
period. 
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PROGRESS IN PRIORITY AREAS 


Summary of the Third Five Years (1980-85) 


A review of the guidelines adopted in 1978 shows that the 
activities of the U.S. Environmental Panel focused on the detec- 
tion of chemical pollutants with mutagenic and carcinogenic 
activity with regard to (1) development. refinement. and valida- 
tion of mutagenicity assay systems for use in mass-screening 
programs, (2) support of investigations which improve our abili- 
ty to make human-risk estimations. (3) support investigations 
of factors which modify mutagenic activity; and (4) support in- 
vestigations of structure-activity relationships of both mutagens 
and carcinogens. Another area of activity was surveillance to 
determine the occurrence and effects of mutagens and car- 
cinogens in the environment by (1) development of methodology 
for monitoring human populations for mutations in somatic cells 
and germ cells, (2) application of human monitoring methods 
to determine baseline mutation frequencies, (3) development 
of methodologies for monitoring the workplace and general en- 
vironment for the presence of mutagenic or carcinogenic 
pollutants, and (4) development of methodology for 
epidemiological investigations of human populations suspected 
or known to have been exposed to mutagenic or carcinogenic 
agents. 

During this period, support was provided to the Environmen- 
tal Mutagen Information Center located at the Oak Ridge Na- 
tional Laboratory. This permitted a literature data base on 
studies of chemical mutagens. Yearly bibliographies of research 
papers in the open literature were formulated. 

Studies of the various project areas found support by 
Interagency Agreement with the Department of Energy for rele- 
vant work at the Oak Ridge National Laboratory. Also, con- 
tracts and grants were awarded directly to researchers at various 
universities in the United States and abroad. 


Utilization of short-term tests for mutagenicity to screen en- 
vironmental chemicals 


A major development was the establishment of the En- 
vironmental Mutagenesis Test Development Program in the Na- 
tional Toxicology Program at NIEHS. This program started in 
1979 and was designed for (1) development of an integrated 
program for routine testing of large numbers of chemicals for 
mutagenicity which included identification and development of 
new test systems, increased understanding of the mutagenesis 
process, test system validation, and development of a strategy 
for conducting large-scale testing and data evaluation and (2) 
implementation of a large-scale testing program capable of 
testing up to 1,000 chemicals per year in microbial mutagenicity 
assays. Contracts were awarded for testing using the 
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Title 


Mutagenic activity of nitrosamunes 


Mutation induction by genotoxic agents 


Use of plant cell culture to study genetic variation 


Genetic toxicology testing 


Comparative genetic effects of environmental chemicals 


Alkylating carcinogen mutagenesis in mammalian cells 


Mutagenicity and metabolism of cyclopenta (C.D) pyrene 


Isolating carcinogen sensitive mammalian cell mutants 


Genetic effect of alkylation in repair deficient oocytes 


Quinolines: environmental mutagens and carcinogens 


Radiation-cquivalency of mutagens/carcinogens 


Envirormental chemicals and chromosome breakage 


In vitro activation of promutagens by green plants 


DNA damage following exposure to genotoxins 





Investigator and Institution 


Leland L. Smith 
University of Texas Medical Branch 


Title 
Envi Wy induced w 


Quantitative genetic study of environmental mutagens 

Alkylating agents: DNA damage. repair, and mutagenesis 
Mutagen induction of sectored colonies in CHO cells 

Carcinogen damage and repair of DNA in human 
chromatin 

Food-derived promutagens procarcinogens 

Genetic effects of carcinogens in mitosis and meiosis 
Mutagens, carcinogens produced by Fusarium moniliforme 

Studies on a class of ubiquitous environmental mutagens 
Nitroarenes: mutagenicity and DNA adducts 

Metal methylation and mutagenesis 

Molecular basis for inhibition of DNA repair initiation 
Interactions between metals and non-metal mutagens 
Modelling cellular response to genotoxic agents 
Interactions of pollutants: effects on genetic toxicity 
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David Trkula 
Baylor College of Medicine 
Houston, TX 


Mary E. Gaulden 


University of Texas 
Dallas, TX 


Steven M. D'Ambrosio 


Ohio State University 
Columbus, OH 


Eric Moon-Shong Tang 


University of Texas System Cancer Center 


Houston, TX 


Lawrence Grossman 
Johns Hcpkins University 
Baltimore. MD 

Eric Eisenstadt 
Harvard University 
Boston, MA 


Philip E. Hartman 
Johns Hopkins University 
Baltimore, MD 


Michael Karin 
University of Southern California 
Los Angeles, CA 


Seymour Abrahamson 
University of Wisconsin 
Madison, WI 


Paul R. Gladstone 


Genetic Systems Corp. 
Seattle, WA 


Mary K. Conner 
University of Pittsburgh 
Pittsburgh, PA 


Joseph B Guttenplan 
New York University 
New York, NY 


Subodh Kumar 
SUNY — College at Buffalo 
Buffalo, NY 


William R. Lee 
Louisiana State University 
Baton Rouge, LA 
Howard G. Shertzer 


University of Cincinnati 
Cincinnati, OH 
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Title 
The role of herpesvirus thymidine kinase in mutagenesis 


Grasshopper neuro: .! mutagen test system 
cells 


Repair of DNA damaged by model environmental 
chemicals 


Human DNA repair genes 


DNA repair enzymes in cells mutating antibody genes 


Mutagenic specificity of environmental carcinogens 


Detection of environmental mutagens and antimutagens 


Interactions of heavy metal ions with the human genome 


Induced mutation in germinal stem cells 


Rapid methods to monitor genetic damage in humans 


A model for persistence of SCE lesion 


Mechanisms of carcinogenesis and mutagenesis 


Mutagenicity studies with dibenz (A.H) acridine derivative 


Mechanisms of mutagenesis for environmental mutagens 


Protection from environmental toxins/mutagens by indoles 





Investigator and Institution 


Michael S. Risley 
Cornell University 
New York, NY 


Howard G. Gratzner 
University of Miami 
Miami, FL 


Timothy Jorgensen | 
Johns Hopkins University 
Baltimore, MD 


Avram Gold 
University of North Carolina 


Chapel Hill, NC 


Ronald Yasbin 
University of Rochester 
Rochester, NY 


Philip M. lannaccone 
Northwestern University 
Chicago, IL 


Stephen E. Bloom 
Cornell University 


Ithaca, NY 

Dennis P. Smith 
Southern Methodist University 
Dallas, TX 


Titie 


In vitro spermatogenic cell genotoxicity teats 


In vitro and in vivo mutagenesis testing by flow cytometry 


Radiation-induced DNA damage and repair at low doses 


Activation of polycyclic environmental mutagens 


Excision repair in bacillus subtilis 


Reproductive toxicology of environmental mutagens 


Embryos for detecting environmental mutagens 


Environmental mutagenesis and DNA repair 
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Joint Scientific Conferences and Workshops 


ENVIRONMENTAL MUTAGENESIS AND CARCINOGENESIS PANELS 


Date: September 4-6, 1980 
Place: Karuizawa, Japan 


Summary. The Ninth Joint Panel Conference was held on the 
subject c** ‘Mutagens and Carcinogens in the Diet and Digestive 
Tract."’ Nineteen papers were reported in five sessions of 1) 
mutagens and carcinogens in raw foods, 2) mutagens and car- 
cinogens produced in cooking and processing, 3) modulation 
of mutagenic and carcinogenic activity, 4) mutagens and car- 
cinogens found in the digestive tract, and 5) mutagens anc car- 
cinogens in human and animal waste. Current information about 
mutagens/carcinogens produced during the cooking of foods was 
reported by Japanese and U.S. scientists. Close collaboration 
between the two groups on this subject evolved. 

The summary report of the meeting was published in Mutation 
Research 85:177-183 (1981). 


Date. November 6, 1981 
Place: Livermore, California 


Summary: The Third Joint Workshop on the Current Status 
of Research on Food Mutagens was held on November 6, 1981, 
at Lawrence Livermore National Laboratory (LLNL). The 
workshop was attended by three Japanese scientists, seven 
LLNL staff members directly involved in this research as well 
as other LLNL Biomedical Science Division staff. The emphasis 
was primarily on a discussion of the problem of generation of 
identification of mutagenic components as well as strategies to 
perform studies on these isolated components to evaluate their 
mutagenicity in a wide range of experimental organisms and 
aspect of the discussion was the need to develop experimental 
approaches to measure exposure to somatic and germ cells and 
to evaluate the human health consequences in terms of cancer 
and genetic disease. 


Date: February 7-9, 1983 


Place: Honolulu, Hawaii 


Summary: The Tenth Joint Panel Conference was held in 
Honolulu (instead of the originally planned meeting place in 
Japan) and 8 Japanese scientists and 14 U.S. scientists par- 
ticipated. Under the —~y hy **Population ae eA 
Methods and Applications,’’ 16 reports were presented and 


discussed in the 5 sessions on |) evaluation of reproductive ef- 
fects and spontaneous abortions, 2) evaluation of chromosome 
damage, 3) urine and semen analysis. 4) population 
monitoring—new methods and surveillance, and 5) population 

The meeting reports were published in Mutation ": «arch, 
130-73-77 (1984). 


Date: February 6-8, 1984 
Place: Kailua-Kona, Hawaii 


Summary: The \iith Joint Conference on Test Method 
Development, Validation, and Utilization in Environmental 
Mutagenesis and Carcinogenesis was held in Kailua-Kona, 
Hawaii, February 6-8, 1984. The conference was attended by 
10 scientists from Japan and 15 scientists from the United States. 
Test method development was discussed in terms of im- 
provement, in the rodent bioassays for cancer in the National 
Toxicology Program, improved methods for qualitative and 
quantitative evaluation of clastogenicity of carcinogens in the 
National Institute of Hygienic Sciences in Japan, and better 
measurement of the induction of chromosomal damage in ex- 
posed individuals by assaying for micronuclei in circulating 
erythrocytes. Test method validation included a discussion of 
an International Collaborative Study to evaluate short-term in 
vitro tests for carcinogenicity. A totai of 10 chemicals were 
tested to determine whether cukaryotic assays can detect 
chemical carcinogens that are inactive or cannot be readily 
detected with the Salmonella assay. In addition, a survey was 
presented of research in the National Cancer Center Research 
Institute, Tokyo on short-term tests for mutagenicity and their 
correlation with long-term rodent bioassays for cancer. A similar 
survey of chemicals tested in short-term assays for mutagenicity 
and long-term cancer bioassays for cancer in the National Tox- 
icology Program was also presented. Discussions in the session 
on test method utilization centered on attempts to determine the 
problems imposed in this analysis by a too limited data base, 
particularly that on noncarcinogens. Papers were also presented 
on new National Toxicology Program data to evaluate the poten- 
tial of chemicals to induce genetic damage in mammalian germ 
cells. Research in Japanese studies (National Cancer Center 
Research Institute, Tokyo) and United States studies (Lawrence 
Livermore National Laboratory) on mutagens and carcinogens 
in food were also contrasted. Work in the latter case is primarily 


focused on the effects of high-temperature cooking, whereas 
the Japanese work includes work of this type as well as broad 


surveys to e* uate common processed foods and beverages as 
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well as edible plants. One of the most interesting data bases 
presented was that on bacterial assays on |.026 new chemical 
substances evaluated at the Institute of Medical Sciences at the 
University of Tokyo. The chemicals include raw materials and 
imtermediates of industrial processes. By January of 1984 a total 
of 132 (12.8%) were shown to be mutagenic in Salmoncila 
and/or E. coli. Tests carried out on 151 existing chemica! 
substances showed that 46 (30% ) gave a positive bacterial test 
It was apparemt from the papers presented during the course 
of this conference that highly relevant work is being perform. 
ed mm cach of the three activity areas, and that data bases arc 
being developed in both the United States and Japan that will 
permit a comprehensive evaluation of the general utility of the 
short-term test technology. A meeting report was published in 
Mutation Research 130-353-359. 1984. 


Date: December 19, 1984 

Place: Honolulu, Hawaii 

Summary: The Fourth Joint Workshop to evaluate research 
priorities in the area of food mutagen research was held in 


Honolulu. Hawaii on December 19, 1984, immediately follow- 
ing a 2-day symposium on the same topic held at the 1984 In- 
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ternational Chemical Congress of Pacific Basin Societies. 
December 17-18. Because of the extremely rapid developments 
in the field. a rapidly expanding data base, and increased need 
for resources. the workshop provided an opportunity to sden- 
tify and priorstize research needs. The workshop was attended 
by 9 scientists from Japan. 10 from the United States. and 2 
from Canada and Australia 

The meeting report on the symposium and workshop will be 
published in Environmental Health Perspectives. 


Date: January 8-10, 1985 


Place: Shimoda. Japan 


Summary: The Twelfth Joim Panel Conference on 
‘*Mutagenesis and Carcinogenesis by Nitropyrenes and Cancer 
Chemotherapeutics was attended by 25 Japanese scientists and 
8 U.S. scientists. Sixteen papers were presented in the 4 ses- 
sions of 1) mutagenicity of nitropyrenes, 2) carcinogenicity of 
nitropyrenes. 3) secondary cancer in chemotherapy patients. and 
4) genetic toxicology studies in cancer chemotherapy. 

The summary report of this meeting will be published in Muta- 
tion Research. 
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Japanese Hepatitis Panel 


BROAD GOALS 


Viral hepatitis 1s a serious health problem in many arcas of 
types most commonly recognized are types A (HAV) and B 
(HBV). A third type of viral hepatitis has been identified and 
is referred to as non-A, non-B hepatitis (NANB). Two or more 
distinct agents of blood-borne NANB are thought to exist. In 
addition, existence of epidemic non-A. non-B hepatitis trans- 
mitted by fecal-oral routes was first recognized during the past 
5 vears. Another new type, delta hepatitis virus (HDV) which 
requires coinfection with HBV. was recognized. 

The long-term objective of the program is to define condi- 
tions for the control of viral hepatitis by umproved environmental 
conditions, therapy. or prophylaxis. During the past decade. 
a hepatitis B virus vaccine has been developed, and practical 
methods to prevent the hepatitis B virus carrier state are 
available. 

Research areas of high interest to the program are: 


1. Biochemical and biophysical characterization of hepatitis 

agents including that of non-A. non-B hepatitis. 

2. netinathchaits dain ts ven, the United States, 
and Asian countries to identify prevalence and incidence 
of infections caused by various hepatitis viruses. 

3. Development and evaluation of vaccines and antiviral 
compounds for prevention and treatment of disease with 
particular emphasis on therapeutic measures for chronic 
carriers of type B virus. Implicit in these objectives is 
underlying appropriate work on in vitro cultivation of 
hepatitis agents. 

4. Long-term studies to determine the incidence of 
hepatoma as a sequela of chronic viral hepatitis 
infection. 


PROGRESS IN PRIORITY AREAS 


The most important accomplishments were the development 
of the hepatitis B vaccine (HB vaccine) and high titer human 
immunoglobulin (HBIG) against hepatitis virus infection. 

The method for producing HB vaccine from human plasma 
was established in Japan. Japanese vaccines prepared in two 
institutions were licensed and will be available commercially 

in 1985. Both of the Japanese vaccines meet the current WHO 
autumubanepn HU. Studies have shown that more than 
95% of perinatal transmission of H3V from HBe antigen 
positive mothers to their infants csa be prevented by im- 
munoprophylaxis employing the combined use of HBIG and HB 
vaccine. This means offers an approach to control the route of 
transmission of HBV which has lead to the production of more 
than 200 million HBV carriers in the world and which has been 
linked to more than 80% of all cases of primary hepatocellular 
carcinoma (PHC). These studies are the first to demonstrate 





the possibility of prevention of one form of cancer by ummuniza- 
tion; furthermore. this approach promises to cut the origin of 
hepatitis B virus reservoirs which are linked to chronic liver 
diseases and which cause parenteral infection in other persons. 

To achieve these results, members of the panel and their 
associates have been making important contributions in their 
own fields of research and have been collaborating extensively 
with members in the United States and collaborators in other 
Asian countries. 

At present, the main projects which are under extensive study 
are the development of better HBV vaccines, antiviral treatment 
of HBV carrier state, of hepatitis A vaccine, and 
further characterization of non-A, non-B hepatitis viruses. 

Before starting the U.S. -Japan Cooperative Medical Science 
Program on hepatitis, a U.S.-Japan hepatitis symposium was 
held in Tokyo, July 17-18, 1978. The first joint meeting of the 
panel was held in New York, March 24-25, 1980; the second 
in Hakone, November 20-21, 1980; the third in Washington. 
D.C., March 22-23, 1982; the fourth in Kyoto. March 9-10, 
1983; and the fifth in San Francisco, March 8-10, 1984. The 
sixth meeting was held in Oiso, March 11-12, 1985. 

HBV DNAs of subtypes adr and adw were cloned in E. coli. , 
sequence of the viral genome of the adr clone was 3188 
nucleotides long, and that of the adw clone was 3200 
nucleotides. The adr and adw clones differed from the reported 
ayw HBV-DNA clone (3182 nucleotides long) in 11. 2% and 
10.0% of nucleotides, . Heterogeneity of the HBV 
genome in the clones with the same subtype (adr) was observ- 
ed. Subtypes adr and adw are found most frequently in Asian 
countries. 

The receptor for polymerized human and chimpanzee albumin 
was identified as a 31-k Da HBs antigen polypeptide. The 
polypeptide (p31) was composed of a major polypeptide of 8-k 
Da daltons (p8) that contained carbohydrate. P8 could bind to 
polymerized human or chimpanzee albumin but not to any 
polymerized albumins from animals non susceptible to HBV. 
The amino acid composition of p8 closely resembled that of the 
55 amino acid sequence coded by the pre-S region in HBV 
DNA. Using the monoclonal antibody against p8, a solid-phase 
RIA was developed for HBs antigen bearing the receptor for 
polymerized albumin. Since the receptor is thought to be in- 
volved in the first step of HBV infection of susceptible liver 
cells through polymerized albumin, the characterization of p8 
is essential to elucidate the mechanism of HBV infection and 
may contribute to further development of a more effective 
vaccine. 

As for the characterization of non-A, non-B hepatitis agent, 
it has been shown that non-A, non-B hepatitis virus in the serum 
which induced characteristic tubular structures in the hepaiocyte 
cytoplasm of chimpanzee was inactivated by mild treatment with 
B-propiolactone (0.05% , 4°C-20 minutes). The results showed 
that #-propiolactone is extremely efficacious for the cold 
sterilization of this type of virus and has practical application. 
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As for seroepidemiological studies, Asian countries have a 
higher incidence of perinatal transmission from HBV carrier 
mothers to their babies. This is considered to be the predomi- 
nant mode of HBV transmission that leads to the carrier state. 
The chronic carrier constitutes a high risk group for develop- 
ing hepatocellular carcinoma. Elucidation of the mode and 
magnitude of perinatal transmission in each region is essential 
for the development of prevention programs of HBV infection. 
The data from Burma, China, Hong Kong, Japan, the Philip- 
pines. Singapore. Taiwan, and Thailand were reviewed by 
Nishioka. 

Extensive studies on in vitro cultivation and purification of 
hepatitis A virus have been underway as part of a program to 
develop an HAV vaccine. 

In vaccine development, pullulan is suggested as a possible 
carrier for the HBs antigen, since it (pullulan) is not antigenic. 
does not induce blastogenesis., and stimulates IgM and IgG an- 
tibody production. It 1s noteworthy that this compound has poor 
stimulating activity for IgE and delayed type hypersensitivity 
responses which are considered to be untoward side effects. 

As for HB vaccines and HBIG (HB immunoglobulin), the 
main focus of attention in Japan is prevention of perinatal 
transmission from HBe antigen positive carrier mothers to in- 
fants. In one study. three injections of 10 mg HB vaccine follow- 
ing repeated intramuscular injections of HBIG (200 1.U.) were 
given to 881 babies born to HBe antigen positive mothers. On- 
ly 33 (3.7%) of the babies became HBV carriers: 96.3% .re- 
mained free of HBV virus. In another study group, intravenous 
injection of Fc free HBIG (200 1.U.) was given to | , 100 babies 
immediately after birth followed by repeated intramuscular in- 
yections of HBlg (200 1.U.) and HB vaccine. In the first 6 
months, 18 cases (1.7%) became HBV carriers, before the 
whole schedule of the passive and active immunization had been 
completed. However. all 375 cases completing the whole 
schedule were protected from HBV infection. Six patients were 
found to be nonresponders to HB vaccine after | year's 
followup. The data showed that combined passive and active 
immunization are extremely efficacious (protective rate in the 
first cases, 95.8% . and in the latter cases 98.1%) after 1 year’s 
followup. Nevertheless, problems requiring further investiga- 
tion are nonresponders to HBs vaccine and the babies who turned 
HBs antigen posnive before completion of immunization. 

Clinical trials of antiviral agents for treatment of chronic type 
B hepatitis have included such drugs as interferon (IFN), IFN- 
C 8B, adenine arabinoside (Ara-A) and its monophosphate 
(y AMP). These studies have been under the sponsorship of 
the Ministry of Health and Welfare in Japan. These antiviral 
drugs in almost all cases caused a decrease in BBs antigen, 
HBV-DNA. and DNA-polymerase levels in the blood 
However, after stopping the drugs, the levels returned to the 
pretreatment levels. Of the 55 chronic carriers who were also 
HBe antigen positive, 16 (29.1%) developed anti-HBe and 7 
(14.5%) developed anti-HBs 

Followup study of patients showed that four cases (2.9%) 
became seronegative for HBe antigen, and three cases (2.1%) 
were converted to anti-HBe positive. These results do not satisfy 
our initial expectation. Further investigations are required to 
determine the role of these antiviral agents. Furthermore, com- 
bination therapy of these individual antiviral agents together with 
immunostimulants, such as levamisol or cianidasol, should be 
carried out 
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As for studies on primary hepatocellular carcinoma (PHC) 
as sequelae of chronic viral hepatitis, an additional marker of 
chronic HBV infection, integration of HBV DNA into human 
hepatoma cell line as well as in human PHC tissues has been 
done. 

As for the direct evidence of the etiological relationship of 
persistent HBV infection for PHC, seroepidemiolegical and 
clinical followup studies carried out so far in Asian countries 
were summarized. These studies have shown that more than 
80% of PHC in Asian countries were attributable to HBV. HBV- 
persistent infection precedes the appearance of PHC. Perinatal 
transmission from HBe antigen-positive mothers to infants at 
the time of birth is the predominant mechanism for establish- 
ment of persistent HBV infection. Based on these clinical and 
epidemiological findings, prevention studies on perinatal infec- 
tion of HBV from mother to child were carried out extensively 
in various Asian countries. Since the highest risk group for 
development of PHC was identified as the HBs antigen positive 
group, elimination of the risk factor became available through 
immunoprophylaxis as described above, and the reduction of 
PHC cases can be predicted by converting the high risk group 
into a low risk one. 

Collaborative efforts of the U.S.-Japan Hepatitis Program 
have been performed by exchanging scientists, new informa- 
tion, and materials for research purposes. 

In addition to this, since hepatitis and hepatoma are serious 
health problems in almost all Asian countries, as were men- 
tioned in une guidelines, scientists from China, the Philippines. 
Indonesia, and Nepal have visited and studied in the laboratories 
of panel members. They were supported by the World Health 
Organization, Viral Hepatitis Research Foundation of Japan, 
Japan Science Promotion Foundation, and the Tokyo 
Metropolitan Government Exchange Program. The scientists. 
Drs. Muller, Tao, Feng, and Zhao from Peking Medical 
College, stayed in Drs. Nishioka and Mayumi’s laboratory. In- 
cluded also were Drs. Wang. Ho Hwan, Zhai, and Jian from 
Peking Second and First Infectious Diseases Hospitals; Drs. 
Domingo, Lingao, Lao, and Dy from the University of the 
Philippines: and investigators from Indonesia, all of whom 
worked with Drs. Oda, Nishioka, Suzuki, and Mayumi. 
Through collaboration and exchanging new information among 
Asian countries, much progress has been made in 
seroepidemiologic studies and prevention programs. 


ACHIEVEMENT OF HEPATITIS 
DURING THE PAST FIVE YEARS 


PANEL 


Two decades ago, about half of the patients who received 
blood transfusions suffered from post-transfusion hepatitis. Fear 
of yellow-blood was a serious problem and became a widespread 
social problem throughout Japan. In 1952, Professors Amano 
and Katsunuma reported two cases of fulminant hepatitis follow- 
ing blood transfusion. And a U.S. ambassador to Japan was 
no exception to those who suffered such an aftermath of blood 
transfusion 

No reliable laboratory method was available to detect the 
etioiogical agents of viral hepatitis, and the hepatitis virus prob- 
lem was considered one of the most difficult problems of 
microbiology. In the field of liver cancer, attention had been 
focused on chemical carcinogenesis in experimental animals and 








little progress had been made in understanding human primary 
liver cancer. 

Considering the magnitude of the health problem, ad- 
ministrative authorities decided to switch from paid donors to 
a volunteer blood donation system. Although the situation 
showed much improvement, it was far from totally effective 
in reducing the incidence of post-transfusion hepatitis. 

At that ume, Dr. Okochi of the University of Tokyo Hospital 
found a peculiar antigen in the blood closely linked to post- 
transfusion. This factor was further identified as Blumberg’s 
Australia antigen, the significance of which was unknown at 
that ume. Later this factor was identified as the surface antigen 
of HBV. and this cooperative study between two researchers 
in Japan and the United States became a real breakthrough in 
the study of hepatitis viruses today. 

The principle to avoid the use of Australia antigen positive 
blood for blood transfusions was first adopted at the University 
of Tokyo Hospital. This was the real starting point of the pro- 
gram to eradicate ail cases of post-transfusion hepatitis B in 
blood transfusions in both the United States and Japan. 

On the other hand, Krugman of New York University kept 
two serum samples, MS-1 and MS-2. as prototypes of hepatitis 
materials. These lead to discoveries of both hepatitis viruses 
A and B. 

In Japan. serological methods to improve the sensitivity and 
specificity for detection of HBs antigen were established. These 
led to the discovery that more than 80% of primary liver cancer 
can be attributed to persistent HBV infection, and to the 
discevery of familial clustering of chronic liver disease and liver 
cancer. These studies elucidated the perinatal HBV transmis- 
sion from carrier mothers to their infants, which is considered 
to be the most predominant route for persistent HBV infection. 

With this information available, the U.S.-Japan Cooperative 
Research Program on Hepatitis was formulated in 1979, and 
further collaboration of researchers in other countries, including 
Asian nations, was started. Since then, results in the research 
fields as described above have been obtained. 

Development in immunological test reagents made possible 
the diagnosis of hepatitis A and B and the monitoring of HBV 
markers, the latier of which led to the development of a strategy 
to control post-transfusion type B hepatitis and hepatitis B in- 
fection in medical institutions. Development of HBIG and HB 
vaccine set up the immunoprophylaxis measures. both passive 
and active immun,zation, against HBV infection. When these 
measures were applied to prevention of perinatal infection, the 
preventive efficacy rate showed almost 100%. and they were 
evaluated as the most effective and safest vaccines ever used 
in anti-microbial prevention. 

These results contributed vastly to improvement in practical 
medical care as well as to general health care administration. 
The Ministry of Health and Welfare of Japan proposed the im- 
munoprophylaxis of all babies born io HBe antigen-positive 


mothers to prevent the persistent HBV infection. This was 
evaluated by WHO and UICC as the most effective system to 
prevent one type of human neoplasm, primary liver cancer 
which is prevalent in Asian countries. 

At present, the following items are under extensive study: 
improvement of HBV vaccines; development of HAV vaccine: 
characterization of etiological agents of nov-A_ non-B hepatitis: 
further analysis of hepatocarcinogenesis; and iurther studies of 
the activity of antiviral compounds against hepatitis virus. 


FUTURE GOALS 


In the past two decades, remarkable progress in hepatitis B 
control has been achieved. Since the magnitude of hepatitis and 
liver cancer has been elucidated in both Japan and the United 
States as well as in Asian countries, the studies of hepatitis are 
not focused on the mere contro! of one single communicable 
disease, but are also deeply concerned with control of a specific 
cancer. 

Based on the accumulated results at this time. the following 
items are considered to be high priority items for future study: 


1. Todevelop sccond, third, and fourth generation HB vac- 
cines with the goal of control of hepatitis B virus infec- 
tions and primary liver cancer. 

To develop antiviral therapy with the goal of preven- 

tion of chronic sequelae of HBV infection (carrier state. 

chronic hepatitis. liver cirrhosis, and primary liver 
cancer). 

3. To elucidate the nature of blood-borne non-A. non-B 
hepatitis, the most prevalent forms of posttransfusion 
hepatitis in both countries at present. 

4. To develop hepatitis A vaccine together with elucida- 
tion of the nature of water-borne type non-A, non-B 
hepatitis prevalent in Southeast Asian countries. 


tv 


GUIDELINES 


1. Seroepidemiological studies of viral hepatitis in Japan 

and various Asian countries. 

Long-term studies of chronic viral hepatitis infection, 

with special reference to HBe seroconversion. 

3. Anti-viral compounds for the treatment of chronic ac- 
tive hepatitis, type B. 

4. Development and evaluation of HB vaccine and im- 
munoglobulin for prevention. 

5. Biochemical and biophysical characterization of hepatitis 
viruses, including non-A, non-B hepatitis virus. 
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PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Toshitsugu Oda 
National Medical Center, Japan 


Kusuya Nishioka 


Tokyo Metropolitan Institute of Medical Science 


Toshio Shikata 


Nihon University School of Medicine 


Kazuo Okochi 


Kyushu University Faculty of Medicine 


Tyoku Matuhasi 
National Institute of Health, Japan 


Nakao Ishida 
Tohoku University 


Hiroshi Oka 
Tokyo University 


Akira Ohbayashi 
Tokyo National Chest Hospital 


Shiro lino 
Tokyo University 


Hiroshi Yoshizawa 
Hamamatsu Medical College 


Eiichi Tokunaga 
Japan Red Cross, Blood Center 


Yasuo Moritsugu 
National Institute of Health, Japan 


Hiroto Shimojo 
National Institute of Health, Japan 


Makoto Mayumi 
Jichi Medical College 
Keiji Mitamura 
Tsukuba University 


Hiroshi Suzuki 
Yamanashi Medical College 


Seiichi Furuta 
Shinshu University 


Fumihiro Ichida 
Niigata University 


Yoshiyata Takahashi 
Gifu Central Hospital 


Title 


Prevention of hepatitis B virus infection 
Sequele of viral hepatitis 


Characterization of HB virus and recombinant HBsAg 
Seroepidemiology of type B hepatitis in Asian countries 


Experimental studies on non-A, non-B virus infection 
Pathology of viral hepatitis 


Surveillance of post-transfusion hepatitis 
Hepatitis B immunoglobulin and its use for prophylaxis 
Non-A, non-B virus marker 


Gamma-interferon inducer 


Fulminant hepatitis and its treatment 
Hepatocyte regeneration 


Treatment of chronic hepatitis due to HB virus 


Treatment of HB virus carrier 


Prevention of HB virus infection 


Production of HB immunoglobulin and a-interferon 


Propagation of hepatitis A virus 


Hepatitis A virus vaccine production 


Non-A, non-B virus markers 

Characterization of HB virus 

Integration of HBV DNA to the liver cell DNA 

Treatment of chronic viral hepatitis, with anti-viral agents 


and immunomodulators 


Epidemiology of acute viral hepatitis, including non-A, 
non-B 


Pathology of type A hepatitis 
Treatment of chronic viral hepatitis 


Fulminant hepatitis-clinical surveillance and treatment 





Investigator and Institution 


Kan Matsushita 
Hamamatsu Medical College 


Nobu Hattori 
Kanazawa University 


Sukeo Yamamoto 
Osaka City University 


Tatsuo Takino 
Kyoto Prefectural University of Medicine 


Hidec Nagashima 
Okayama University 


Michitami Yano 
National Nagasaki Central Hospital 


Title 


Epidemiology of viral hepatitis and its sequelae in the 
whole nation 


Hepatocellular carcinoma: integration of HB virus DNA 
and its significance 

Immunological studies on viral hepatitis 

Yreatment of chronic hepatitis 


Immunological studies on the chronicity of viral hepatitis 


Prevention of HB virus maternal infection 
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U.S. Hepatitis Panel 


BROAD GOALS 


The organizalion of the Hepatitis Panel as a component of 
the U.S.-Japan Cooperative Medical Science Program in 1979 
was a logical expansion of the joint cooperative research ef- 
fort. Viral hepatitis, especially hepatitis B. is a mayor worldwide 
public health problem. It has had an extraordinary impact on 
the health and well-being of people of all ages in Asia as well 
as most countries of the world. 

The development of sensitive markers of hepatitis A virus 
(HAV) and hepatitis B virus (HBV) infection has provided the 
technology required to conduct worldwide seroepidemiologic 
surveys. in addition, the use of these markers has revealed a 
third type of hepatitis proved to be non-A. non-B (NANB) in 
its cuology. When the causative agents of NANB hepatitis are 
identified, their nomenclature will be designated. More recently 
a fourth type of hepatitis has been associated with infection by 
a unique hepatitis virus. the so-called “‘delta agent”™’ that re- 
quires HBV synthesis for its expression. It has been proposed 
that this agent be designated hepatitis D virus (HDV). 

Hepatitis B is the most important and the most serious type 
of hepatitis in most countries of the world. Seroepidemiological 
surveys have revealed that about 5% of the population of the 
world are asymptomatic HBV carriers. The carrier rate in North 
America and Western Europe is less than 0.5% but in many 
Asian and African countries i may exceed 10%. It has been 
estimated that the number of HBV carriers exceeds 150 million 
worldwide. 

Each year HBV infections occur in about 200,000 persons 
in the United States. Of these, about 50,000 have clinically 
recognizable hepatitis with jaundice. About 10,000 may require 
hospitalization and about 10,000 to 20,000 will become chronic 
HBV carriers. In addition, about 4,000 persons will die of HBV- 
related cancer of the liver. 

Complete recovery from HBV infection may take 4 months 
or longer. Chronic liver disease may complicate mild or asymp- 
tomatic infection as well as severe hepatitis B infection. The 
acute disease may become chronic in 5% to 10% of cases: a 
fatal outcome may occur in 1% to 2%. However, recent reports 
of combined chronic hepatitis B and delta infection indicate that 
the mortality rate may exceed 10% under these circumstances. 
In many Asian and African countries, HBV-related hepatoma 
is the most common malignant tumor, accounting tor 20% to 
40% of all cancer deaths. In contrast, hepatoma accounts for 
only 2% of malignant tumors in the United States. 

The long-term objective of the United States-Japan Hepatitis 
Program is to define conditions for the control of viral hepatitis 
by improved environmental conditions, therapy. or prophylaxis 
In order to achieve these objectives the research areas of high 
interest to the program are: 


1. Biochemical and biophysical characterization of hepatitis 
agents. 


2. Seroepidemiologic studies in Japan, the United States, 
and Asian countries to identify prevalence and incidence 
of infections caused by the various hepatitis viruses. Im- 
plicit in these objectives is appropriate work on in vitro 
cultivation of hepatitis agents. 

3. Development and evaluation of vaccines and antiviral 
compounds for prevention and treatment of illness with 
particular emphasis on therapeutic measures for chronic 
carriers of type B hepatitis virus. 

4. Long-term studies to determine the incidence of cirrhosis 
and hepatocellular carcinoma as sequelae of chronic viral 
hepatitis. 


SUMMARY OF THE FIRST FIVE YEARS 


The past 5 years showed continued rapid progress in our 
understanding z2.<i control of the hepatitis viruses. Because these 
viruses differ markedly one from the other, they are covered 
individually. 


Hepatitis A Virus (HAV) 


The widespread availability of diagnostic tests for HAV in- 
fection has resulted in a better appreciation of the relative im- 
portance of HAV in the etiology of viral hepatitis. This virus 
accounts for 25%-40% of such disease in the United States but 
its relative importance is decreasing. HAV has been classified 
as a picornavirus. Its 7500-base RNA genome was molecular- 
ly cloned and sequenced. The development of HAV vaccines 
is in progress. Preliminary attempts to develop a live attenuated 
vaccine were promising but further attenuation of candidate 
strains is necessary before they will be suitable for wider testing. 
Killed vaccines have been developed and are undergoing 
preliminary clinical testing. 


Hepatitis B Virus (HBV) 


HBV was shown to account for approximately 25% -40% of 
clinical hepatitis in the United States and to be on the increase. 
despite the licensing of an effective and safe killed vaccine in 
1982. The application of molecular technology to the study of 
this virus has strengthened its association with the etiology of 
hepatoma. Genetically engineered second-generation vaccines 
prepared in mammalian cells or yeast cells have been developed 
and show promise of replacing the plasma-derived vaccines cur- 
rently available. Hepatitis B virus has been classified as a 
member of a new family of viruses, the Hepadnaviridac. Four 
similar viruses have been identified in woodchucks, ground 
squirrels, domestic ducks, and snakes and several of these have 
been useful in elucidating the natural history and molecular 
virology of the hepadnaviruses 








Hepatitis Delta Virus (HDV) 


The unique relationship between HDV and HBV has been 
further studied. The HDV appears to be a unique human 
pathogen that is defective and requires coinfection with HBV 
(which serves as a helper virus) for its replication. The 36 nm 
particle associated with infection was shown to contain a unique 
antigen, delta antigen, and a small (1.75 Kb) putative genome 
of RNA. HDV was shown to have a world-wide (but spotty) 
distribution. An exception may be Asia, where very little 
evidence for HDV infection has been obtained. HDV was found 
to be associated with up to 50% of fulminant human hepatitis 
previously thought to be caused by HBV and to be responsible 
for epidemics of severe hepatitis among native populations in 
South America and illicit drug users in the United States 


Non-A, Non-B Hepatitis Virus (NANBV) 


NANBV has continued to be a mystery for hepatitis re- 
searchers. The failure to detect an antigen-antibody system or 
to identify a genome unique to this agent (or agents) has limited 
orogress. Two or more distinct agnts of blood-borne NANBV 
are thought to exist, based upon epidemiologic investigations 
and transmission studies in chimpanzees. The latter studies also 
permitted the identification of essential lipids in at least some 
strains of NANBV 


Epidemic Non-A, Non-B Hepatitis Virus 
(ENANBYV) 


Existence of this presumed virus was first recognized during 
the past 5 years. It was shown to exist in southern Asia and 
probably throughout the Middle East. Its epidemiology was 
similar to that of HAV—predominantly a water-borne disease 
with major epidemics separated by endemic disease. Evidence 
has accumulated that the etiologic agent is a 27 nm virus that 
may be a second serotype of HAV, but attempts to characterize 
it further have been frustrated by lack of clinical materials, in- 
ability to infect tissue cultures with it, and difficulty in transmit 
ting it to laboratory animals 


PROGRESS IN PRIORITY AREAS 


Biochemical and Biophysical Classification of the 
Hepatitis Agents 


Multiple strains of HBV have been molecularly cloned and 
sequenced and amino acid substitutions unique to the different 
subtypes identified. Synthetic peptides representing different 
regions of the capsid proteins are being studied as candidate 
third-generation vaccines. The DNA polymerase of the virion 
was shown to have a probable second enzyme activity (reverse 
transcriptase) and to mediate the synthesis of replicative in 
termediate forms of the virus containing DNA-RNA hybrid 
molecules 

Several strains of HAV have been similarly cloned and se 
quenced and the capsid proteins identified. Amino acid se 
quences predicted from analysis of nucleotide sequences were 
not closely related to any recognized genus of picornavirus 

Part of the putative genome of the hepatitis delta virus was 
cioned and sequenced. Radioactivity labeled cDNA was used 





Experimental hepatitis B vaccine tested in clinical trial with NIAID 
volunteers, August 1978. 


as a probe for delta RNA in clinical specimens and was found 
to be useful for the diagnosis of delta infection in chronic 
hepatitis 


Seroepidemiologic Studies 


The application of sensitive diagnostic assays for infection 
with HAV and HBV to consecutive cases of hepatitis in dif 
ferent regions of the United States revealed significant dif- 
ferences in attack rates in different geographic regions and at 
different times. The overall approximate relative importance 
of the hepatitis viruses in the etiology of clinical hepatitis dur 
ing the past 5 years was HAV—25%: HBV—SO%. and 
NANBV—25%. However, during the past 1-2 years. type A 
hepatitis has continued to decline and type B hepatitis has con 
tinued to increase, resulting in similar incidence figures for the 
two viruses in 1984 


Vaccines and Antivirals 


Plasma-derived hepatitis B vaccine was licensed in the United 
States in 1982. Second generation vaccines prepared by genetic 
engineering have been developed and are in early clinical trials 
Both killed and live hepatitis A vaccines are being developed 
They are in early clinical testing and will probably require ad 
ditional developmental research before they can be considered 
for licensing 

Antiviral treatment of viral hepatitis has not yet become an 
accepted therapy. New antivirals will need to be developed and 
possibly, new model systems for their evaluation before prac 
tical antiviral therapy wi.' be a reality 

Long-term studies of HBV infection to determine if HB vac 
cination will prevent hepatoma are in progress in Taiwan and 
in the planning stages in The Gambia. The woodchuck hepatitis 
virus animal model (in which the virus also appears to cause 
hepatoma) is being developed for the purpose of evaluating the 
role of hepadnaviruses in carcinogenesis and prevention by vac 
cination. The incubation period to cancer in the woodchuck ts 
only 1-6 years instead of the 10-60 years observed in humans 


FUTURE GOALS 


In spite of the extraordinary progress during the past 5 years 
many important problems still require solution. The long-term 
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objective of the program continues to be the control of all types 
of viral hepatitis. To achieve this objective a high priority has 
been assigned to the following areas of research: 


1. Identification and characterization of NANB viral agents 
Reports of various candidate NANB viruses will require con- 
firmation. Ultimately 1 will be important to identify blood 
donors who are carners of these agents 

2. Seroepidemiological surveys should be updated to iden- 
ufy the changing patterns of HAV. HBV and HDV infections 
in various countries of the world 

3. Long-term followup observations of the persistence of 
immunity following immunization with hepatitis B vaccine are 
essential to determine the need for booster doses. These studies 
should include the newly developed DNA recombinant and syn- 
thetic polypeptide vaccines as well as those derived from plasma 

4. It will be important to support controlled studies to deter- 
mine the therapeutic effect of antiviral agents for the preven- 
tion of chronic hepatitis B infection 


Viral hepatitis continues to be a serious health problem in most 
countnes of the world. It is hoped that advances in hepatit.s 
research during the next 5 years will enhance prospects toward 
its control 





Woodchuck (Marmota monax): anima! model for studying hepatitis 
B viral infection. 
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Food and Drug Administration 
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Georgetown University 
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Southwest Foundation for Biomedical Research 
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Title 


Hepatic bioregulatory molecules, hepatitis, and cancer 


Quantitative analysis of transmission of hepatitis B 


Immune response to synthetic HBsAg peptides 


Holloman Air Force Base chimpanzee breeding colony 


Operation of a molecular virology and immunology 


laboratory 


Synthetic hepatitis B vaccine studies 


Studies with hepatitis B vaccines 


idiotypic analysis of the immune response to HBV 


Hepatitis B-like virus of the domestic duck 








Investigator and Institution 


James E. Maynard 
Centers for Disease Control 


David R. Milich 
Scripps Clinic and Research Foundation 


Darrell L. Peterson 
Virginia Commonwealth University 


Jere M. Phillips 
Meloy Laboratories, Inc. 


William S. Robinson 
Stanford University School of Medicine 


William J. Rutter 
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Aleem Siddiqui 
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John J. Sninsky 
Yeshiva University 


Jesse W. Summers 
Institute for Cancer Research 


Wolf Szmuness 
New York Blood Center 


Bud C. Tennant 
Cornell University 


Harold E. Varmus 
University of California 


Victor M. Villarejos 
Louisiana State University Medical Center 


Title 
Hepatitis B vaccine in the People’s Republic of China 
MHC-control and cell correlates of HBsAg immune 
response 
Structure of hepatitis B surface antigen proteins 
Facility for nonhuman primates for viral hepatitis 
experiments 


A hepatitis virus-infected ground squirrel colony 
The viruses of hepatitis B and ground squirrel hepatitis 


Molecular analysis of hepatitis B virus 


Hepatitis B virus DNA in kaposi sarcoma 


Hepatitis B virus and E. coli synthesized viral protein 


Genome structure and replication of hepatitis B virus 
Replication and pathogenesis of hepatitis B-like viruses 


Epidemiology of viral hepatitis in hemodialysis centers 


Studies of the interruption of maternal to infant 
transmission of hepatitis B 


Breeding and experimental facility for woodchucks 
(Marmota monax) 


The molecular biology of hepatitis B-type viruses 


Epidemiology of hepatitis B antigens and viral hepatitis 
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Joint Scientific Conferences 


HEPATITIS PANELS 


Date: March 24-25, 1980 
Place. New York, N.Y. 


Summary. The sessions were devoted to discussions of 
hepatitis A, hepatitis B, and non-A, non-B hepatitis. The reports 
of studies of hepatitis A included: 1) the characterization of HAV 
as an agent whose genome consists of linear single stranded 
ribonucleic acid, 2) primary isolation of HAV in various tissuc 
cultures, 3) development of sensitive and specific assays to detect 
HAY and anti-HAV, and 4) worldwide seroepidemiological 
surveys. The report of studies of hepatitis B included: 1) 
characterization of the HBV virion, 2) preparation of 
monoclonal antibodies to HBsAg, 3) worldwide seroepidemio- 
logical surveys in various population groups, 4) evaluation of 
newly developed hepatitis B vaccine:., 5) therapeutic trials of 
various antiviral agents in patients with chronic active hepatitis 
B infection, and 6) prospective studies and subsequent develop- 
ment of cirrhosis and/or hepatoma. Additional sessions were 
devoted to discussions of cther viruses such as woodchuck 
hepatitis virus and other hepadnaviruses, non-A, non-B can- 
didate viruses, and the newly recognized delta agent. 


Date: November 20-21, 1980 
Place: Hakone, Kanagawa, Japan 


Summary: The sessions of the second U.S.-Japan Hepatitis 
Research Conference were devoted to discussions of hepatitis 
A; hepatitis B; and non-A, non-B hepatitis. The new 
developments in hepatitis A research included: 1) results of 
seroepidemiological surveys in the United States and Nepal, 

2) confirmation of the cultivation of HAV in various cell 
cultures, and 3) the report of the development of a hepatitis A 
vaccine from infected marmoset liver. Progress in hepatitis B 
research included: |) propagation of defined portions of the 
HBV genome in cultured primate cells, 2) production of 
monoclonal antibodies against HBeAg in hybridoma cells, 
3) a prospective study that confirmed the association between 
chronic hepatitis B and both cirrhosis and hepatoma, 4) the 
results of studies that revealed the efficacy of hepatitis B im- 
mune globulin for the prevention of hepatitis B in homosexual 
men, and 5) preliminary studies with such antiviral agents as 
human leukocyte interferon and adenine arabinoside for the 
treatment of chronic hepatitis B infection. The discussion of 
non-A, non-B hepatitis included data that confirmed the associa- 


tion between elevated levels of serum ALT in blood donors and 
the subsequent occurrence of hepatitis 1.1 recipients of the blood. 


Date: March 22-23, 1982 


Place: Washington, D.C. 


Summary. The sessions of the Third U.S.-Japan Hepatitis 
Research Conference were devoted to new developments in 
hepatitis A; hepatitis B; and non-A, non-B hepatitis research. 
The discussions of hepatitis A included: 1) the results of the 
seroepidemiological surveys in various Asian countries and 2) 
the results of studies with experimental inactivated and live HAV 
vaccines. The hepatitis B reports included: 1) a description of 
the characterization and properties of the delta agent, 2) studies 
of the natural history of asymptomatic HDV carriers and pa- 
tients with chronic hepatitis B, 3) an evaluation of the diagnostic 
significance of anti- HBc IgM, 4) the epidemiology of hepatitis 
B and hepatoma in Japan, 5) studies with woodchucks as animal 
models to assess the role of the HBV as # cause of hepatoma, 
6) the effect of combined passive (HBIG) and active (hepatitis 
B vaccine) immunization for the prevention of neonatal hepatitis 
B infection, 7) a progress repor: of hepatitis B vaccine efficacy 
studies in renal dialysis staff and patients, and 8) current status 
of studies with antiviral agents for the treatment of chronic 
hepatitis B. The discussion of non-A, non-B hepatitis included 
ongoing efforts to identify and characterize non-A, non-B 


agents. 


Date: March 9-10, 1983 
Place: Kyoto, Japan 


Summary. The sessions of this fourth research conference were 
devoted to a discussion of a wide range of topics that included 
1) development of a live attenuated hepatitis A vaccine, 2) HBV 
DNA-a description of the genome and its expression, 3) various 
animal models of HBV infectson, such as duck hepatitis virus 
and woodchuck hepatitis virus, 4) epidemiological and clinical 
aspects of delta virus infection, 5) the use of hepatitis B im- 
mune globulin and hepatitis B vaccine for the prevention of HBV 
infection of infants born to HBsAg-positive mothers, 6) treat- 
ment of chronic hepatitis B with various drugs, such as in 


terferon, adenine arabinoside, adenine arabincside monophos- 
phate, cianidanol and corticosteroids, and 7) epidermological 
aspects of non-A, non-B hepatitis 











Date. March 8-11. 1984 


Place. San Francisco, California 

Summary. The scientific portion of this mecting was held in 
conjuncion with the International Symposium on Viral 
Hepatuis. from March 8-10, 1984. A business meeting of panc! 
members was conducted on March | 1. 1984. The proceedings 
of the International Symposwm on Viral Hepatitis were 
published as a monograph entitled ©‘ Viral Hepatitis and Liver 
Disease. edited by G.N. Vyas. J.L. Dienstag. and J.H 
Hoofnagic, 1984 by Grune and Stratton, Inc. As indicated in 
the preface of these proceedings “the meeting focused mair’y 
on hepatitis B virus (HBV) infection. Application of technical 


tm) 


advances in molecular and cell biology have brought about an 
unprecedented growth in knowledge about the biology of HBV. 
establishing us primary role as a cause of not only chronic liver 
disease but also hepatoma. Commanding less attention. but 
equally clegant. have been advances in hepatitis A virus (HAV) 
research, which have led to the cloning and sequencing of its 
genome and us definitive classification as an enterovirus. New 
information suggests tha’ won-A. non-B hepatitis 1s not only very 
common. but 1s also a mayor cause of disability and death from 
chronic ' cr disease. Despite this. the non-A. non-B hepatitis 
agent(s) remain clusive. In contrast. the delta agemt. which was 
unknown just a few years ago. has been extensively character 
ized. The unique structure. clinical features. and epidemiology 
of this agent have been sufficiently defined and its designation 
as the hepatiuss D virus (HDV) has been proposed.’ 
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Japanese Leprosy Panel 


BROAD GOALS 


The chemotherapy of leprosy ts fraught with problems such 
as the appearance of drug-resistant bacilli, relapse caused by 
persistant organisms, and functional disab:lities duc to adverse 
reactions. The development of an effective vaccine for the pro- 
phylaxis of leprosy requires additional research. These problemas 
should be overcome by promoting research in the following four 
arcas which have been pursued without substantial change over 
the last two decades: 


1. Microbiology of M. leprae: Since in vitro cultivation of 
M. lepraemurium has been accomplished, these findings will 
be applied to the cultivation of M. leprae. Information about 
biochemica! properties of this bacillus will be useful in cultiva- 
tion studies and other phases of research. 

2. Experimental leprosy: A lepromatous leprosy model has 
been established in nude mice. This animal model is used for 
chemotherapy and | studies of leprosy and also 
serves as a source of M. leprae bacilli. To increase the sen- 
sitivity of this model, it will be necessary to use nude mice that 
are highly susceptible to M. leprae. 

3. Chemotherapy of leprosy: The effectiveness of an- 
tleprosy drugs and the mechanisms of their action have been 
investigated using the nude mouse leprosy model. This model 
will be useful in the development of new drugs for leprosy. The 
study will be accelerated by the introduction of modern 
analytical and pharmacological methods. Studies on im- 
munotherapy should be pursued as an adjunct to chemotherapy. 

4. Immunology of leprosy: Serological tests specific for 
detecting M. leprae have been developed and used for diagnos- 
ing primary leprosy infections and for detecting subclinical 
cases. The mechanism of the immune response in leprosy was 
investigated at the cellular level and immunogenctically. The 
results of these studies will be useful in the development of im- 
munotherapy and protective vaccines. 


PROGRESS IN PRIORITY AREAS 


Microbiology of M. Leprae 


Progress has been noted in studies concerning the 
biochemisiry of M. leprae and in cultivation studies of M. 
lepraemurium. Major contributions are as follows: 


Purification of M. leprae: Density gradient centrifugation 
methods were used for purifying M. leprae from an infected 
armadillo liver using Percoll and from nude mouse footpad using 
Ficoll 400. The purified bacilli were obtained in pure form 
without enzymatic action which reduced the processing time. 
The procedure did not constitute a biological hazard to the 
investigators. 


The respiratory system of M. leprac: The number of carbons 
attached to alkyl side chains of alpha-mycolic acid of M. leprae 
was 20. which was 2 to 4 less than those of other mycobacteria. 
This finding will be useful in identifying M. leprae. The 
©22-G/*24:0 value among the saturated fatty acids of Af. leprae 
was hither than those of other mycobacteria. Since this assay 
can be done simply with few organisms, the procedure could 
be applied to tentatively differentiate M. leprae im an unknown 
specimen. In addition to the alpha-mycolic acid, M. leprae has 
a mycolic avid which is similar to gamma-mycolic acid of M. 
tuberculosis but apparently specific for M. leprae. 

Substances surrounding M. leprae cells: Acetone-soluble 
lipids of armadillo lepromas were analyzed. The lipid with a 
molecular weight of approximately 2,000 corresponded to 
phenol glycolipid I of Brennan's: the lipid with the molecular 
weight of 1.100 contains no phenol and was the same as 
phthiocerol dimycocerosate from M. leprae; and another lipid 
with the molecular weight of 900 was detected, and this lipid 
1s found in normal mammalian tissucs. 

Cultivation: Progress has been made in cultivating M. 
lepraemurium in a cell-free liquid medium and im a cell culture 
system. However, there is no evidence that M. leprae multiplies 
in any of these systems. Multiplication of M. lepraemurium in 
the cell-free liquid medium was accelerated by the addition of 
liposome, egg yolk, dextran, vitamins, and others, and con- 
tinuous growth was maintained throughout 3 to 4 successive 
cultures. In the cell culture system of M. lepraemurium, the 
balance between the g-owth rate of the organism and that of 
the host cell was controlled by adding cycloheximide to the 
culture medium. With this procedure the cell culture system gave 
reproducible results. Such data should contribute to the cultiva- 
tion studies of M. leprae. 


Experimental Leprosy 


Investigators searched for animals more susceptible to M. 
leprae infection than athymic rodents, but such an animal was 
not found among the rhinomouse, congenital asplenic mouse, 
molossinus mouse, Suncus murinus, Micromys minutus, and 
hairless (ba) rat. 

The treatment of Rowett nude (rmu) rats infected with M. 
leprae with carrageenan and with thymus cells was carried out. 
In the carrageenan pretreated rat, marked multiple nodular 
swellings appeared on the infected limb, mouth, face, cars, lum- 
bar sites, tail to external genitalia skin, and on the uninoculated 
fore and hind limbs. In the group pretreated with thymus cells, 
bacillary counts were reduced 10 to 100 fold when compared 
to the control animals. 

Chemotherapy and immunotherapy trials in mude mice and 
nude rats were investigated and compared to those of M. avium 
and M. lepraemurium infections using various strains of nude 
mice. 

Multiple inoculation sites such as, the extremities (e.g. , lower 
legs and feet), upper lips, dorsal-lumbar sites, i.p., perianal skin 
(base of tail to external genitalia), and both testicles, produced 
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M_ lepracmurium ts mvolved im the phenotypic difference of 
suscepubulity . 

On the other hand. labeled DNA from m wiro cultured M. 
lepracmurium was tested for ms basic sequence homology to 
cold DNA from the liver cells of the above menboned two 
Strams and six other strains of mice with distinct suscepubilaty 
to murine leprosy. Results showed the homology between the 
microtal DNA and DNA from susceptible strains of moce was 
shown to be greater than that between the same M 
lepracmuriaum DNA and DNA from resistant strains. Th » sug- 
ecsts that the susceptibility of animals to infections duc to m- 
tracellular bacteria 1s predetermined genetically by the degree 
of relatedness between DNA from microbes and hosts. 

Aside from these imvestigations, genetic control over the 
climcal course of leprosy was tested using the HLA-typing of 
leprosy patients. it was reported that HLA-DR2 and MT-1 were 
significantly imcreased in number in unrelated patients suffer- 
ing from tuberculon leprosy im comparison with those m nor- 
mal comtrol populations. However, HLA-DR2 alone was more 
frequently found in the patients with lepromatous leprosy than 
that of controls. 


Serodiagn sis of leprous patients and their contacts 


it was shown that phenolic glycolipid-| is a specific serorcac- 
tive antag =%¢ “ompound from M. leprae infected armadillo and 
human trssees. Several laboratories have used this compound 
as an antigen for the scrodiagnosis of leprosy. The most widely 
used method for this purpose is the enzyme-linked immuno- 
sorbet assay (ELISA). despite its several faults involving com- 
plicated manipulations and poor reproducibility. In order to 
overcome those shortcomings. a new qualitative complement 
fixation test was developed, and there was good correlation of 
the data between the two tests. 

In addition. the actual determinant bas been chemically syn- 
thesized and conjugated to linker arn; these compounds have 
been tested for serologic activity. 

Detection of subclinical leprosy in individuac with low or 
no resistance against M. leprac, followed by treatmemt before 
overt symptoms occur, is urgently needed for control of this 
disease. The fluorescent antibody adsorption test is very sen- 
sitive and specific for diagnosing leprosy. This test is useful 
for detecting subclimical leprosy in household contacts and 
school children who are asymptomatic for leprosy. However, 
the test may be too time-consuming for a large scale survey 
Possibly the lepromin test should be used for screening suscep- 
tible mdividuals. Preliminary information indicates that saliva 
may be used instead of serum for the screening test. However, 
this procedure needs to be studied further. 


Development of an effective vaccine against leprosy 


The results of the tuberculosis vaccine (BCG) field trials im 
India were disappointing. However, there can be a degree of 
optimism, for a leprosy vaccine reports that killed M. leprae 
are more effective in stimulating immunity than live M. leprae 
it is known that cellular immunity is more important than 
humoral immunity in resistance to infection duc to intracellular 
bacteria. In experimental murine typhoid, cellular mmmunity ts 
induced only by live vaccines. Killed vaccines administered in 
conjunction with complete adjuvant induced a state of DTH to 
the microbial agents and were not protective against virulent 
challenge in the experimental infection 


ACHIEVEMENTS OF THE LEPROSY PANEL 
DURING THE PAST 20 YEARS 


Cultivation of M. Leprae 


The most significamt advance made by the Japanese scicn- 
tsts during the past 2 decades was the establishment of methads 
for muluphcaton of M. lepracmurium on solid medsum and in 
cell-free squid medwm. This resulted mm extensive progress m 
the biachemustry of this organism and stimulated the study of 
cultivation of M. leprae. The supply of Large numbers of M. 
leprae cells from the infected armadillos and nude mice pro- 
vided marked progress m studies on biochemistry. especially 
cellular components on M. leprae. The nude mouse is now an 
indispensable source of M. leprae for in vitro cultvaton studies. 


Experimental Leprosy 


Several attempts at immunosuppression of the normal mouse 
did not succeed im the establ:shment of systemic M. leprae 
infection. 

A new model of experimental lepromatous leprosy im athymuc 
(nude) mice was established by Japanese scientists beginning 
in 1976. This leprosy model has been used to study experimental 
chemotherapy. and to compare M. leprae with other 
mycobacterial infections in nude mice. 

Thymus cell grafting into CS7BL/6 nude mice should have 
an enhancing effect on progressive leprous lesions im the treated 
animal as compared to the untreated CS7BL/6 and BALB/c nude 
mice. Lepromatoid lesions im the foot of the CS7BL/6 nude 
mouse were less severe than that of the BALB/c nude mouse 
Moreover, the gnototiotic BALB/c nude mouse showed a shight- 
ly enhanced swelling of the foot at a later stage of M. leprae 
infection. li was therefore suggested that the growth of M. leprac 
in the nude mouse might be influenced by genetic and en- 
vironmental factors. 


Chemotherapy of Leprosy 


Significam developments in the chemotherapy of leprosy were 
made in the past 20 years. Recently the World Health Organiza- 
tion published recommendations on chemotherapy of leprosy 
They were combination therapy using DDS and rifampicin for 
6 months for the pauci-bacillary type of leprosy. and triple 
therapy with DDS. rifampicin and lamprene for 2 years for 
multi-pacillary type of leprosy. The U.S. Japan Cooperative 
Medical Science Program's Leprosy Panc! made a significant 
contribution to the formulation of the above-mentioned 
regimens. Japanese researchers have also made a significant con. 
tribution toward proving the mutial killing effect of rifampicin 
against M_ leprae by means of experimental leprosy m the nude 
mouse. The therapy of leprosy will be further promoted by 
developing new methods for control of ENL and the discovery 
on new anti-leprosy drugs 

A new era of leprosy control was derived from muitiation of 
multi-drug therapy. In many developing countries multi-drug 
therapy will be applied to rapidly control leprosy. All newly 
detected leprosy patients in Japan can now be treated with multi- 
drug therapy and not require hospitalization. The development 
of improved chemotherapy for leprosy will change the social 
aspects of this disease 
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Immunoiogy of Leprosy 


Antigenic specificny of M. leprae was demonstrated by im- 
munodiffusson and ummunofluorescence. Detecuon of M 
leprae-specific antibodies was useful for the scrodiagnosis of 
leprosy. Serological tests wath synthetic antigens containing 
specific epitopes were also attempted. lt was found that both 


suppressor T cells and macrophages participated im the defi- 
crem cell-mediated immunity in icpromatous leprosy 


Histopathological and scrological studies were conducted on 
adverse reachons which caused tissue damage as a result of treat- 
mem of leprosy. These immune responses in leprosy paticnts 
appeared to be cuntrolied by ummunogenctic factors. as sug- 
gested by the association of HLA-DR antigens with leprosy 

Differences mm mmmunc responsiveness of mice with merinc 
leprosy according to genetically differem strains were in- 
vestigated at cellular and molecular levels. These investigations 
are uscful for the clucidation of the immunological mechanism 


m leprosy 


FUTURE GOALS 


The success im cultivation of M. lepraemurium in cell-free 
media and im tissue culture cells. and the biochemical studies 
on M_ leprae should initiate important information useful for 


the cultivation of M. lepree. Further thochemucal studies will 
be conducted to analyze specific cellular components of M 
leprae and/ot the surrounding substances of M. leprae ceils 
These studies could help umprove methods for sdentifying the 
leprosy bacillh and developmem of cfifective vaccines 

The formation of lepromato: lessons m athymuc rodents may 
be influenced by various factors mm the endogenous and/or ¢x- 
ogenous environments, as well as the genctac background of 
the anumals. Therefore. the relavonship among human icprosy 
bacilli, host, and environment should be studied. New amma! 
models of ecxpermmental tberculond leprosy should be 
developed. The model will be compared wah those m the 
athymea rodents 

Further efforts should be made to discover new anti-leprosy 
drugs for improvemem of multi-drug therapy. An alicrnative 
drug for DDS is urgently needed to treat DDS resistant cases 
Studies on the incthod to control ENL should also be cxpand- 
ed. Combined therapy using chemotherapy and mmmunothcrapy 
should be considered m the near future 

The immunological mechanism of suscepubiisty and resistance 
against M. leprae should be elucidated. There ts an urgent need 
to develop a scrodiagnostic test for carly detection of leprosy 
patients and their contacts with a high risk of infectum. Fun- 
damental studies on the superiority or inferiority of attenuated 
or killed vaccines, as well as on the application of gene 
technology. will be needed for the development of an effective 
vaccine for prophylaxis and therapy of lepros. 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


CULTIVATION OF M. LEPRAE 


Seiko Fukunish 
National Leprosarmum Ohshima Seisho-cn 


Tsunehiko Hirata 
National Institute for Leprosy Research 


Yuichi Koseki 
National Institute of Health 


Takashi Kusaka 
Kawasaki Medical College 


Tyoku Matsuhash 
Tokyo University 
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Biochemical studies on lipid components of mycobacteria. 
especially of M. leprae and peribacillary substance— 
using liquid chromatography —using mass spectrometry 

Affinity of M. leprae to peripheral nerves, im association 
with phenolic glycolipid and phthiocerol dimycocerosate 


Ultrafine structure of M. leprae and M. lepraemurium. 
especially study on intra-bacterial inclusion 


Cultivation of M. leprae by solid medium 


Biosynthesis of mycohc acid of M. lepraemurium and 
M_ smegmatis 


Re-cxamination of biosynthetic activity of M 
lepraemurium 


Study on mycolic acid of M. leprae 
Analysis of mycolic acid of M. leprae 


Study on sugar metabolism of M. leprae by nucleo- 
magnetic resonance 





Investigator and Institution 


Yoshryasu Matsuo 
Hiroshima University 


Tatsuo Mori 


Hiroko Nakagawa 
National Institute for Leprosy Research 


Masahiro Nakamura 
Kurume University 


Tetsu Nakayama 
National Institute for Leprosy Research 


Hiroko Nomaguchi 
Osaka University 


Tatsuji Ogawa 


Kitasato Institute 


Yorchiro Kawaguchi 
National Inst.tute for Leprosy Research 


Kenji Kohsaka 
Osaka University 


Masanori Matsuoka 
National Institute for Leprosy Research 


Kazunari Nakamura 
National Institute for Leprosy Research 


Title 


Culuvauon of M. leprac and M leprecmmriam 
Cell-calture of M. leprac and M. lepracemrim 


Culiwanon of M. leprac and M. lepracmuram by cyclo 
heaumde-treated cells 


Differentuanon of viable and non-viabie M icprac by 
fluorescent stasming 

Cultwanon of M. leprac 

Clanficaion of the cause of slow-growing mycobacteria 

Improvemmem of collecting methad of M leprac 

Cytochrome and respiratory enzyme system of M. leprae 


Glutamate-. orasthunc- and hysine-decarhouylase activities 
m M. leprac 


Catalase, peroxydase and superossde dismutax of 
M. leprae 


study on lupsd metabolism of M lepracmuriam 

Studies on the membrane-bound enzymes for phospholipid 
metabolism im in vivo grown mycobacteria 

Cultivation of M. leprae by cell-free liquid medium 


Biochenucal properties of M. lepracmur «am grown im liquid 
medium and thei contribution to cultivation of M 


leprae 


Cell-free cultivation of M. leprae—seclection of culture 
medium using ATP as an indicator 


Study on cultivation of M. leprae 


Studies on cultivation, purification and sdentific sion of 
M. leprae 


Cell culture of M. leprac 


Stuty on cultivation of M. leprae 


ANIMAL TRANSMISSION 


Development of experimental leprosy by nude mice 


Animal transmission of M. leprae—development of experi- 
mental leprosy 


Establishment of leprosy model in mice (rise and fall of 
bacterial count in KK-nude mouse and observation of 
host-response in conventional mouse as an indicator of 
cell-mediated immunity) 


Studies on the development of experimental leprosy —using 
athymic (nude) rat—immunomological influence on 
lepromatous ieprosy lesion in congenstally athymic (nude) 
animals 
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Investigator and Institution 


Masaichi Gidoh 
National Instsute for Leprosy Research 


Kiyoshi Harada 
National Leprosarium Tama Zensho-en 


Tonetaro Ito 
Osaka University 


Goyo Koya 
Hirosaki University 


Ei ji Kubo 
National Tokushima Sanatorium 


Masashi Namba 
National Institute for Leprosy Research 


Seitaro Okada 
Kyoto University 


Yoshitsugu Satake 
Nishikyushu University 


Sadae Tsutsumi 
National Institute for Leprosy Research 


Masahide Abe 
National Institute for Leprosy Research 


Takehisa Akiyama 
Kitasato University 
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Title 


ANTI-LEPROSY DRUGS 


Establishment of simultaneous analysis acid-labile 
metabolites of DDS by high-performance liquid 
chromatography (HPLC) 


Analytical study on anti-leprosy drugs 
Histological classification and bacteriological examination 
of leprosy by periodic acid-carbol-pararosaniline and 


periodic acid-MS methods (comparison with Z.N 
method) 


Localization of M. leprae in leprosy lesion 

Pathology of skin lesion in leprosy patient, especially is 
relation to terminal branch of peripheral nerve 

Study on the mechanism of action of DDS 

Development and evaluation of anti-leprosy drugs 

Metabolism of DDS in nude mouse 


Verification of the effect of anti-leprosy drugs. especially 
of INAH 


Study on provocation of ENL by anti-leprosy drug 


Amyloid precipitation of autonomic nerve in leprosy 


Determination of blood level of anti-leprosy drugs 


Therapy of cranial nerve involvement in leprosy 


Fundamental study on the in wiro test for the effectiveness 
of chemical drugs 


Basic research of anti-leprosy drugs—growth-inhibitory 
effect of bamboo grass-extract against mycobacteria. 
especially against BCG 

Study on “‘Leigonteng ’ that ts said to be effective to 
inhibit ENI 


Development of immuno-stimulative anti-inflammatory 
drugs for leprosy 
Study on development of anti-leprosy drugs 


Study on the mechanism of action of anti-leprosy drugs 
pharmacological study 


Fundamental study on the improvement of chemotherapy 
of leprosy 


IMMUNOLOGY OF LEPROSY 


Immunological study on subclinical leprosy infection 


Analysis of induction of cellular immunodeficiency in 
mouse infected with large doses of M. lepraemurium 








Investigator and Institution 


Tsuyoshi Fujiwara 
Nara Medical College 


Seuchi Izaki 
Iwate Medical College 


Shinzo Izumi 
Kyoto University 


Fumuinori Kanetsuna 
Kyoto University 


Enchi Matsuo 
Kyorin University 


Yasuhiro Minauchi 
National Leprosarium Hoshizuka Keiai-en 


Yasuyi Nakajima 
National Leprosarium Kuriu Rakusen-en 


Susumu Ohkawa 
Kyoto University 


Toshiharu Ozawa 
National Institute for Leprosy Research 


Nanako Saito 
National Institute for Leprosy Research 


Title 


Molecular biological study on host-parasite relationship in 
leprosy—association with immunity. 


Chemical synthesis of pseudoantigen specific for M. leprae 


Experimental study on granulomatous inflammation against 
mycobacteria by using murine leprosy. 


Analysis of cellular mechanism of human immune response 
against M_ leprae 


Cellular immune responsiveness in different strains of mice 
against M. leprae 


Possibility of early serodiagnosis of leprosy using phenolic 
glycolipid antigen specific for M. leprae 


Effect of free fatty acid on mycobacteria 


Immuno-histochemical and pathological analyses of 
hydrolase of cells in human lepromatous and tuberculoid 
granulomas. 


Immuno-histochemical analysis of 6-glucuronidase and 
lysozyme of cells in human lepromatous and tuberculoid 
granulomas and renal #-glucuronidase in leprosy patient 


Enzyme-histological anomaly in skin lesion of leprosy 
patient, especially the effect of abnormal B-glucuronidase 
on renal lesion 


Immunological and immuno-histochemical studies on host- 
derived or mycobacteria-derived f-glucuronidase in 
human leprosy lesion 


Study on auto-immune mechanism of peripheral nerve 
involvement in leprosy 


Immuno-hisiochemical examination of leprosy neuritis 


Study on immunotherapy of leprosy 


Humoral factor regulating cell-mediated immunity in 
leprosy 


Suppressor cells in lepromatous leprosy 


Immunogenetic study on leprosy, especially on HLA-DR 
antigens 


Climico-immunological study on leprosy—assocation 
between HLA-DR antigen system and cell-mediated im 
munity (analysis of immune responses against M. leprae 
antigen) 


Role of suppressor T cell in mouse infected with 
M. lepraemurium 


Role of T cell and antigen presenting cell in mouse infected 
with M. lepraemurium 


Macrophage function in mouse infected with 
M. lepraemurium. 


~ 
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Investigator and Institution 


Yoshimoto Sakamoto 


National Institute for Leprosy Research 


Hideyuki Suzuki 
National Leprosarium Tama Zensho-cn 


Title 


Genetic analysis by the interaction of T cell and 
macrophage of the mouse infected with M 
lepraemurium 

Study on drug allergy in therapy in leprosy 

Radioimmunoassay of antibody activity against particular 
mycobacterial antigen in leprosy 

Immunological study on peripheral nerve damage in 
leprosy 


Vasculitis and immune complex in leprosy—immuno- 
histochemical study 


Microvascular damage and immune complex in leprosy 
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U.S. Leprosy Panel 


BROAD GOALS 


Leprosy. or Hansen's discase. remains a disease of major um- 
portance in th world today. It remains one of the leading causes 
of disability and blindness in tropical countnes. The worldwide 
prevalence of leprosy is estimated to be between 10 and 15 
million cases wath less than half the estimated casqs reociving 
treatment. The disease is particularly common in Asia. India. 
sub-Saharan Africa. and central South America. In the Unned 
States. some 1.300 patients are known to be under treatment 
out of an estimated 3,000-4,000 patients. Approximately 250 
new cases are diagnosed annually. most being immugrants from 
Latin America and Southeast Asia 

Mayor scientific problems confronting leprosy workers include 
a) the mability to cultivate the causative organism. 
Mycobacterium leprae. b) an uncertain proportion of strains of 
M. leprae which have developed resistance to one or more of 
the first line anti-leprosy drugs: c) the non-availability of an 
effective vaccine making case finding and case holding under 
chemotherapy the mainstay of leprosy control: d) lack of 
knowledge of the fundamental immunologic basis for suscep- 
tibility to leprosy; ¢) the persisting social stigma of the disease: 
f) the characteristic peripheral neuropathy of the disease with 
secondary crippling; and g) the fact that leprosy occurs 
predominantly in Third World Countries lacking the necessary 
resources to focus on what 1s already known about leprosy con- 
trol. Many of these problems relate to social, economic, and 
public health fields. In scientific research, the developed world. 
imcluding the United States and Japan. are actively engaged in 
research aimed at providing improved methods for leprosy 
control 

The major goals of the U.S.-Japan Leprosy Panels are 


1. Cultivation or growth of M. leprae in vitro: 
2. Animal transmission and experimental systems for growth 
of M. leprae. 

3. Evaluation of chemotherapeutic drugs against leprosy: 

4. Development of chemoprophylaxis and minimal effec- 
tive blood and tissue levels of drugs. 

5S. Vaccine development, and 

6. Elucidation of antigens similar to lepromin and develop- 
ment of the mechanism of lepromin reactions 


Recently. the leprosy field has attracted a number of taleme4 
young investigators. This has been largely possible through the 
development of the armadillo animal model of lepromatous 
leprosy which has provided, for the first time, sufficient numbers 
of M. leprae to allow sophisticated research. Additionally. 
leprosy is being increasingly recognized as a model of infec 
hous disease immunology. With more and more widespread use 
of the mouse footpad infection with M. leprae. tools have 
become available for monitoring drug resistance internationally 
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SUMMARY OF THE THIRD FIVE YEARS 


From 1975 to 1980. tremendous progress was made im leprosy 
research under the U.S.-Japan Leprosy Program and other 
international agencies. Large numbers of M. leprae trom in- 
fected armadillos provided supplies of bacilli for a number of 
biochemical and immunochemical studies. Athymic nude rats 
and athymic nude mice were developed as models of 
lepromatous leprosy and utilized for a varnety of chemo- 
therapeutic tests. Mycobacteruon lepraemurium was successtully 
cultivated in vitro and conditions optimized for growth. 

In the field of chemotherapy. there was considerable interest 
in developing an effective therapeutic regimen using drug com- 
binations instead of monotherapy. Rifampin was shown to be 
rapidly bactericidal for M. leprac. In animal systems. there was 
strong evidence that rifampin was synergistic with a number 
of other first line anti-leprosy drugs. Analytical methods were 
refined for assaying measures of dapsone in clinical materials 
The possibility of carcinogenicity of dapsone was thoroughly 
considered: i was concluded that this represented an insignifi- 
cam human risk when compared with the almost indispensabic 
benefit of the drug for leprosy control 

There was considerable progress in immunologic studies 
aimed at the development of an effective vaccine against leprosy 
and in attempting to understand the basic immunologic deficit 
responsible for development of overt disease. Heat-killed M 
leprae were shown to protect animals against subsequent 
challenge with viable M. leprae in mice and armadillos. Purifica- 
tion methods were developed for the bacilli from armadillo liver 
Studies were initiated in developing a scrologic test to identify 
individuals infected with M. leprae prior to overt signs or symp 
toms of the disease. There was considerable interest in studies 
of the basic immunologic defect in lepromatous leprosy: a 
hypothesis was proposed that suppressor T cells could be respon- 
sible for this unresponsiveness. In M. lepraemurium infections 
in rodents, 1 was shown that there are two populations of cells 
which function as suppressors. a T cell and an adherent cell. 
probably a macrophage. One group found evidence that in 
human lepromatous disease there were M. /eprac-specific sup 
pressor T cells and the hypothesis was suggested that these might 
be involved in the pathogenesis 


PROGRESS IN PRIORITY AREAS 
The Microbiology of M. Leprae 


Cultivation has remained a problem. A number of 
n-ycobacteria have been successfully cultivated from leprous 
tissues but a majority of leprosy workers believe that these are 
moa truly M. leprae. Three types of organisms have been 
cultivated with some regularity. The first of these are 





mycobacteria which seem to be of the M. aviaen-intracellulare- 
scrofulaceum complex. The second are the so-called leprosy 
derived corynebacteria, and more recently. a third group are 
the so-called *‘difficult to grow mycobacteria obtained from M. 
leprae-infected armadillo tissues. At least two groups have 
undertaken cloning of M. leprae DNA imto E. coli using recom- 
binant DNA technology. There has been expression of cloned 
M. leprae DNA in E. coli in both laboratones within the last 
year. This raises the possibility and probability that relevant 
antigens of M. leprae. relevam enzymes important for drug 
development. and a host of other characteristics of M. leprac 
can be reproduced in the laboratory. even if the organism itself 
cannot be cultivated. 

There has been enormous progress in the biochemistry of M 
leprae over the iast 5 years. mainly by Britssh workers. 
Pathways normally associated with glycolosis, the tnicarbox- 
ylic acid cycle, the hexose monophosphate pathway and glycerol 
catabolism have been identified. A major biochemical defect 
which prevents in vitro cultivation has not been identified. Lipid 
analysis of M. leprae has made remarkable progress in the last 
S years. The most significant finding is identification of a 
phenolic glycolipid on the surface of M. leprae and in ussucs 
surrounding M. leprae. The terminal trisaccharide on this 
phenolic glycolipid is apparently unique to M. leprae. The 
phthiocerol core of this antigen ts common to only a few species 
of mycobacteria including M. kansasii. The antigen has shown 
considerable promise in scrologic assays and ts now routinely 
utilized in a number of scroepidemiologic studies. There has 
been speculation that live M. leprae in vivo muluply with a 
generation time of approximately 26 hours instead of the tradi- 
tional 2 weeks. More recently. it was shown that M. leprae is 
capable of generating increased amounts of ATP within a mat- 
ter of minutes under certain culture conditions in wiro. A 
fluorescent method has been proposed for determining viabil- 
ty of M. leprac. 


Experimental! Infections in Leprosy 


Armadillos continue to provide the source of M. leprae tor 
investigators worldwide. Armadillos in Louisiana and Texas 
have been shown to have natural infections with M. leprae. The 
prevalence of these infections is approximately 4% in Texas. 
The source of these infections is unknown, but there is serologic 
evidence suggesting that the infection has been present in 
Louisiana armadillos as carly as 1961. (The first experimental 
inoculations of armadillos with M. leprae occurred in 1968.) 
Spontaneous leprosy has been reported in a mangabey monkey 
and has been successfully transmitted to a substantial number 
of mangabey monkeys over the past several years. Some suc- 
cessful transmussions have occurred with Afncan green monkeys 
but limited success has been observed with rhesus monkeys and 
no success with squirre! monkeys. This primate model now of- 
fers considerable promise in the study of peripheral nerve 
damage. immunologic studies and a number of other aspects 
of human disease. Nude mice have been used increasingly in 
leprosy research in both the U.S. and Japan. This model has 
now been exploited in a number of ways. including studies such 
as transmission of leprosy, vaccine development, and drug 
efficacy. 


Chemotherapy 


There have been a number of developments in chemotherapy 
of leprosy. Drugs routinely available for antibacterial 
chemotherapy include dapsone. nifampin. clofazimuinc. and the 
thioamides—prothionamide and cthionamide. Anti-reaction 
drugs are now available such as thalidomide for erythema 
nodosum leprosum. clofazimine for crythcma nodosum 
leprosum and reversal reacions. Corticosicrosds assist in 
management of erythema nodosum leprosum and reversal reac- 
tions. Within the last § years. triple and quadruple drugs are 
recommended for chemotherapeutic regimens. More conscr- 
valive approaches are undertaken im other international centers 

Secondary sulfone resistance was detected im the 1960's. and 
in the 1970's primary sulfone resistance. secondary cthionamidc 
resistance and secondary resistance to nifampin. A single case 
of clofazimine resistance was described in 1983. Alarm has been 
expressed over the apparent increase of primary dapsonc 
resistance and the apparent increase im sccondary resistance to 
dapsone. A number of international studics of compliance im 
leprosy chemotherapy show poor compliance. particularly after 
the first year of chemotherapy 

A number of significam findings in the treatment of leprosy 
were reported during the past several years. Efforts were made 
to improve cxisting individual anti-leprosy drugs: a) attempts 
to develop analogs of thalidomide. not teratogenic and cffex 
tive in erythema nodosum leprosum. b) attemp’s to develop 
analogs of clofazimine which lacked pigmenting a xd G.I. side 
effects and which are otherwise safe and effective against M 
leprae and mm reactions have been unsuccessful: c) the thioamuides 
are optimal in their antibacterial activity and safety. They act 
via the same mechanism as thiambutazine and thiacetazonc. d) 
rifampin analogs possess anti-leprosy activity. Onc analog. an 
samycin, ts active against rifampin-resistamt M. /eprac in mouse 
footpad infections, ¢) dapsone ts optimal for activity against M 
leprae based on structure activity relationship studies. The cx 
traordinary sensitivity of M. leprac to dapsone is duc to the high 
affinity of its dihydroptcroate synthetase for dapsonc. f) drug 
combinations which include daily rifampin plus daily thioamide 
result in additive hepatotoxicity with up to ISG of patients 
developing drug-induced hepatitis. Thus. combination 
chemotherapy regimens cannot employ rifampin plus a 
thioamide on a daily basis: and g) continuous rifampin ad 
ministration rather than a varicty of intermittent regimens. 1s 
necessary to climinate persisting M. /eprac im infected neonatally 
thymectomized Lewis rats 


Immunology 


In the last 5 years. interesting studies dealt with the transmis 
sion of leprosy. suppressor mechanisms in illness. and reac 
tional states. Lepromin skin testing of armadillos resulted in 
histopathologic findings of tuberculond. borderline. and 
lepromatous patterns. Interestingly. all three patterns occur in 
animals which are resistant to infection with M_ leprae as 
evidenced by long-term survival despite effective 1.v. mocula- 
tion with high doses of viable bacilli. This raises the possibility 
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imericukin-2 in related factors. and 1s not duc to a lack of M 
leprae-reactuve T cells. Other groups find this pattern only mm 
borderline lepromatous patents and are unable to demonsiraic 
any M_ leprae-treactive T cells m polar lepromatous discasc 
In several laboratones. suppressor cells were present m most 
normal donors who are lepromun pos#ive or m most tuberculosd 
leprosy patents. They were not demonstrated in lepromatous 
leprosy patents. Many conclude that suppressor mechanisms 
appear to reflect a normal mechanism which 1s dimunished rather 
than increased mm lepromatous patients. Elegant studies revealed 
helper and suppressor T cell distributions im leprous skin Ie- 
sions (sce 17th Jom Leprosy Conference. Sendai. Japan). In 
leprous skin lesions intericukin-2 producing cells are ten-fold 
more abundant in BT lesions than i lepromatous lesions. the 
number of anti- Tac positive are sumilar in both. These findings 


smagEs Cat eutigen Ses Seen presente to Belper ¢ Cons & 
lepromatous leprosy but that IL-2 producing T cells are reduced 
Presumably . the basic deficit mm specific cell-mediated immunity 
in lepromatous leprosy is duc to reduced IL-2 production (sce 
19th Joum Conference. Tokyo. Japan) 

In studics of the immunopathogencsis of reactional states im 
leprosy. high antibody activity was significantly correlated with 
active skin lesions, new skin jesions, and neuritis m patients 
with borderline tuberculoid disease. These findings confirm that 
there 1s not always an inverse relationship between cell-mediated 
immunity and humoral immune responses to M. leprae. Marked- 
ly depressed natural killer (NK) cell activities were described 
in patients with erythema nodosum leprosum. There 1s evidence 
that the patients’ monocytes were responsible for this depres: 
sion in NK cell activity. C3d was shown to be markedly in- 
creased in erythema nodosum leprosum as well as the concen- 
tration of factor B breakdown product (Ba) in relation to factor 
B. Thus, erythema nodosum leprosum may be associated with 
complement activation and the alternative pathway may be the 
mechanism for complement activation im erythema nodosum 
leprosum. The number of suppressor T cells mn the circulation 
decreases prior to the onset of erythema nodosum leprosum: 
they reach abnormally high numbers in lepromatous leprosy pa 
tients with clinical recovery from erythema nodosum leprosum 
Soluble extracts of ultrasonically disrupted mycobacteria, in- 
cluding ‘4. leprae. cause strong T cell-dependent polyclonal B 
cell activation in peripheral blood mononuclear cell prepara- 
tions from normal humans. Hence, erythema nodosum leprosum 
is Characterized by a drop im functional activity of suppressor 
T cells which may then allow expression of the underlying type 
Ill hypersensitivity mechanisms. These may then involve the 
alternative pathway of complement activation as well as the 
classical pathway. Elevated levels of phenotypically suppressor 
T cells in the circulation in lepromatous leprosy may well repre- 
sent a homeostatic mechanism which acts on B cell prolifera- 
thon to control ENL 


FUTURE GOALS 
Microbiology of M. leprae 


The in vitro cultivation of Mycobacterium leprac remains a 
major goal in leprosy research. Is, recemt years. the develop- 
mem of radiolabeling. ATP assay. and fluorescent stamung as 
measures of in vitro viabilny of M. leprae have provided tools 
which can be exploned m a systematic. but conventional way 
to approach cultivation. In the interim. the expression of M 
leprae genes in E. coli by recombinam DNA technology may 
allow relevamt antigenic and biochemical analyses. Armadillo, 
will provide sources of leprous bacilli mm the absence of cultrva- 
thon or recombinant DNA cxpressson 


Experimental Infections of Leprosy 


Explonation of the primate model of leprosy should provide 
relevam information regarding human immunology. the 
pathogenesis of nerve damage in human Ieprosy. and routes of 
transmission of human discase. The nude mouse will be fur- 
ther exploned im studies of the transmission of leprosy. the 
pathogenesis of erythema nodosum leprosum., chemotherapeutic 
studies. and macrophage kinctics im lepromatous granuloma 


Chemotherapy 


The search for new drugs wath anti-M. leprae activity will 
comtinuc as opportunities present. Mayor responsibility has been 
undertaken by the THELEP component of the World Health 
Organization and results are not extraordinarily promising. 
Longitudinal monitoring of primary dapsone resistance con- 
tunues in the United States. Chemotherapeutic trials im cx- 
permmental animal models will contenuc. A multi-center clinical 
trial of ansamycin ts planned. Interest continues in the develop- 
mem of dihydrofolate reductase mbhibsors, B-lactamase in- 
hibitors in combination with B-lactam antibiotics, the newer 
cephalosporins. and newer anthracene derivatives as anti-leprosy 


chemotherapeutic agents 
Immunology 


The immunochemistry of M. leprae will continuc to be 
elucidated. Synthetic antigens based on the terminal disaccharide 
of the phenolic glycolipid antigen of M. leprae were developed 
and will be utilized in serology and scroepidemology. Other 
lipid antigens, protein antigens, and a varicty of monoclonal 
antibodies are cither already available or will soon become 
available for these purposes. T cell clones for study of cell- 
mediated immune mechanisms in leprosy are becoming available 
and should be exploited over the next few years. Further im- 
munochemical analysis of clinical leprous lesions should yield 
significamt new findings. A number of field seroepidermologic 
studies should continue to bear fruit over the coming years. The 
IMMLEP component of the World Health Organization is 
poised to undertake clinical trials of a leprosy vaccine. Phase 
I trials of purified armadillo derived M. leprae have been com- 
pleted in Norway and the United Kingdom and are now under- 
way in the United States 
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Joint Scientific Conferences 


LEPROSY PANELS 


Date. Octelver 9-11. 1980 


Place Kagoshima Japan 


Summary. The 1Sth Joum Conterence on Leprosy Rescarch 
was held mm Kagoshima. Japan. under the sponsorship of the 
US. Japan Cooperative Medical Scsence Program. Highlights 
mcluded a number of papers on cxpermental animal models 
mM leprosy mecluding athymuc nude mice. aconatally thymec 
umized Lewss rats. congenitally athymic nude rats. aspicnk 
mece. naturally infected and cxpermmentally infected armadillos 
and for the first ume naturally acquired leprosy im a mangabey 
monkey. Drug studies emphasized high performance liquid 
chromatographic drug measurement techmgucs, studics of 
chemotherapy mm nude mice and climcal primary sulfone resist 
am leprosy. Scrocpiadenmologs studics suggested tor the first 
tume that infechon with M. leprac was relatively common among 
mdividuals in a leprosy-cndemic arca, but that actual discasc 
wien oF symptoms were relatively rarc. Early work was reported 
on protcm antigens analysis of M. leprae. Refinements were 
made m cultivation media tor M. lepracmurmm. As mall US 

Japan Leprosy Rescarch Conferences. the manuscripts were 
published m the Conference Proceedings and the abstracts of 
the papers were published om the Internatwnal Journal of 
I CPTrernsy 


Dats July 13-14. 198] 


Placs NIH. Bethesda. Maryland 


Summary) The 16th Jou Conference was held in Bethesda 
Electron TMC TOSCO and studies of the 
peribacillary substance of M. leprac were reported and for the 
hirst ime an apparently umque phenolic glycolipid was described 
mM. leprae. Circumstantial evidence pointed to this phenol 
glycolipid as a major component of the peribacillary substance 
which has long been recognized around M. leprac in itn The 
miact mouse was shown to be capable of detecting persister 
leprosy organisms. A fluorescent staming techmquc was dc 

scribed to show viability of M. leprac, Measurements of ATP 
were used to estimate viability of M. lepran 


bochemical 


| CpProwmniatos 
hopronsy Patients were shown to have impaired Tina 
regulatory control over their B lymphocyte function 


Date. August 25-27, 1982 


Place: Sendai. Japan 


Summary, The 17th Jou Leprosy Conference was held in 
Sendai, Japan. Improvements im techniques for m wire cultiva 
hon of M. lepracmurium were reported. lt was speculated that 
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VM. leprac may divede in vive once every 26 hours based on only 
the live baciull: rather than the tradmonal 2 weeks based on the 
tal number of bach. A varncty of cxpermmental anima! madcls 
ow lepromatous leprosy were described mcluding armadillos 
primates. nude rats. and nude mice. Scrologic responses to the 
phenolic glhycolupsd antigen of M. leprac were described as well 
as more detailed antigens analysis «i protcm antigens of the 
leprosy baculus. Charactermix paticrns of T subsct distribu 
bons on the shin lessons of lopromatous and tuberculond leprosy 
paticmts were described. Helper and suppressar T cells were 
randomly distributed m icpromatous lessons but in tuberculosd 
leans the central poruen of the “tubercle was made up of 
phenotypically helper T cells adjacent to cpithelind oclls sur 
rounded by a mantle of predomimantly suppressor T oclls 


Date: August 3-5, 1983 


Place” NIH. Bethesda. Marvland 


Summary. The 18th Jom Leprosy Conference was held at the 
same time as the 18th Jowmt US-Japan Tuberculosis Conterence 
with a combined leprosy tuberculosis sessson on the final day 

Mice intravenously infected with 10° M. leprae were shown 
to be tolerant to subsegucnt mmmunization with 10° organisms 
mradermally. BCG was capable of reversing thes mmmunologx 
twlerance but did not induce protection agams challenge wath 
viable M. leprae. An meteased number of helper inducer T cells 
and tigh helperssuppressor ratios fownd m patients with 
erythema nodosum leprosum (E NL) suggested that ocll mediated 
wmmune responses muight be mmportant on the pathogenesis of 
ENL. evther i permetting production of an antibody critical to 
mmune complies formation or directly as a cell-mediated om 

mune response, M. /eprac-intected nude mice developed revert 

sal reactions after berg admunstered spleen cells from om 

munccempctent nu + heterozygotes. Measurements of hacillary 
ATP were apphed to leprosy patients undergomng chemotherapy 

Noncteen murine monoclonal antibodies were described against 
M leprac. Nine were directed agains the phenolic glycolipid 
antigen of M. leprac. & were directed agaist a 68.000 dalton 
prvicen and | cach to arabnomannan and a 14.000 dalton pro 
tom. Promieng results were obtarned on field scrocpidennologn 
studies measuring IgM antibody responses to the phenoln 
glycolipid antigen of M. leprae, Among teral armadillos m 
Texas. 4.79 had leprosy. Both rhesus and African green 
monkeys. but not squirre!] monkeys. were shown to he suscep 
thle to expenmental leprosy although not as comustently suscep 
tiblc as mangahbes monkeys The constructson of several hinds 
m mycobacterial rcoomtnant DNA libraries mn bo cel: (in 
cluding M. leprac) were described but no evidence was found 
at that tome that the Pritcins CApre sscd by these DNAs were 
tuncthonal. Active. synthetic, M. leprac-specit« amigens were 
chermmecally synthesized based on the terminal disaccharide of 
the phenol i givoolipid amircen 





Date. August 27-29. 1984 


Place. Tokyo. Japan 

Summary: The 19th Jou Conference was held in Toky: 
Japan. An approach to cultiwation of M. leprac was described 
hased on plasmmd-mediated gene transfer from M. intracellulare 
In leprosy skun lessons micricukin-2 (IL-2) p-ducing cells were 
ten-fold more abundant in BT and FNL lessons than in 
lcpromatous lessons without ENL. In contrast. the number of 
anti-Tac posstive cells were similar in all three tissucs. This sug- 
gests that antigen has been presented to. and IL-! has been pro- 
diced and recognized by. helper T cells m lepromaious leprosy 
Because IL-2 producing T cells are reduced in !opromatous 
leprosy lestons. the basic failure of specific cell-medsated im 
munity in lepromatous leprosy would therefore seem to be duc 
to reduced, perhaps inhibited. IL-2 production. The “‘normal” 
number of IL-2 producing T cells in ENL can be imterpreted 
as evidence that ENL 1s a cell-mediated immune response . and 
the deinhibtion of IL-2 production is important im its 
pathogenesis. Scrum IgM antibodies against the phenolic 
glycolipid antigen of M. leprac were reported to be lincarly 
related to bacterial load in patients and to be significantly lower 


m pabents with ENL than in iepromatous patents wahout ENI 
sugecsting that these antibodies may be involved m the 
pathogenesis of ENL. Routunc lepromun skin testing was shown 
to significantly mecrease the posstivaty of the Muorcscemt leprosy 
antibody absorpuion test m normal mdividuals. Recombinant 
IL-2 and “‘condmoned medium” augmented the wm wire pro 
iicrative activaty of penpheral bload lymphocytes from all types 
of leprosy patients (and from healthy imdiveduals) to an 
cquivaicm degree and regardicss of the presence of absence of 
anuigemc stimuli. Thus. there was no cvidence that IL-2 
specifically restores the response of most 

lcpromatous leprosy to M. leprac antigens. Further work «ath 
synthetic speciiic antigens of M. leprac showed 2-3 laine 
positive scrorcactivitics agaist thes morcty of the phenols 
glycolipsd antigen of M. leprac among healthy mdi sduals tron 
non-leprosy endemic arcas. More than 90% of bnopsy proven 
new cases of leprosy from cndemac arcas were townd to hx 
scrologically positive prior to the onsct of discase. A growp of 
murine monoclonal antibodies were characterized. In all. thes 
recogmized & antigenic molecules of M 6h of then 
molecules contained cpitopes which were apparently spocits 
for M. leprae—S of these being protcms and | heme the phenola 
glycolipid antigen 


Palicmts woth 
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Japanese Malnutrition Panel 


GOALS AND OBJECTIVES 


The overall goal of the Malnutrition Pail is to explore scien- 
tific measures that could lead to eradication of malnutrition in 
the world. Today, malnutrition ts induced not only by under- 
nutrition, but also by overnutrition 

To prevent diseases caused by malnutrition, both the U.S 
and Japanese panels have agreed to accept the following five 
priority areas as Cogent research objectives 


1) Determination of the effects of nutriion on physical 
and mental development. behavior. physical capacity. 
and work performance 

2) Studies of health significance and methods of preven- 
tion of nutritional anemia 

3) Influence of environmental and host factors on re- 
quirements for health in Asian countries 

4) Malnutrition due to metabolic disorders 

5) Health consequences of different and changing 
dictary patterns and food habits 


The first four research objectives are directed at undernutri- 
tion or unbalanced nutrition. To help prevent such abnormal 
nutrition, improvement in food distribution, economic develop- 
ment, increase in food production and in nutrition education 
are also necessary 

Research related to overnutrition is only in the area of the 
fifth objective and this objective applies to overnutrition all over 
the world. The research objectives of this Panel are not fixed. 
but will be changed according to socio-economic factors and 
to new research needs and opportunities 


PROGRESS IN PRIORITY AREAS 


Determination of the effects of nutrition on physical and men- 
tal development, behavior, physical capability, and work 
performance 

Unfavorable effects of malnutrition on mental development 
have been thought to be a very important research field 
Malnutrition was found to result .n abnormal metabolism of 
nutrients and in inhibition of dendritic growth. Protein deficiency 
caused strong inhibition of fetal development and decreased 
weight of uterus and placenta. In pregnant and non-pregnant 
rats fed on a protein-free dict, cellular DNA quantity and liver 
cell size were remarkably diminished. When abundant protein 
was provided to pregnant rats, normal growth rate of brain cells 
was restored. 

No statistically significant differences were found in an- 
thropometrical values between breast fed and formula fed in- 
fants. However, from a psychological, behavioral, and im- 
munological standpoint, breast feed:ag showed superiority to 
formula milk feeding. It was concluded that breast feeding 1s 
best for human infants. 
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As iron deficiency ts still one of the most serious problems 
in developing countries. investigations on the influence of defi- 
ciency in iron and other trace elements upon mental develop- 
ment are now under way. 


Studies of health significance and methods of prevention of nutri- 
tional anemia 


A most important objective 1s development of methods for 
easier detection of marginal anemia. Marginal anemia ts found 
by measurement of hemoglobin. serum iron, serum transferrin 
saturation, serum ferritin, and free erythrocyte protoporphyrin 
(FEP). most importantly by prow »porphyrin in the red blood cell 
and serum ferritin. Using these indices, about 10% of aged 
Japanese seemed to be suffering iron deficiency. These methods. 
however, are very expensive and complicated. so more conven- 
vent methods must be explored. 

To prevent iron deficiency. fortification of iron in food is most 
effective. but iron fortified foods are frequently unpalatable 
because of peroxide formation from fats in foodstuffs. Thus. 
the palatability of biscuit, mayonnaise. and “*Tsukudani”’ for- 
tified with various amounts of iron was examined. Among these. 
**Tsukudani.””’ dried anchovy boiled down in soysauce, was 
most favorable. Ferrous sulfate was used as the fortifier so thai 
20g of **Tsukudani’’ contained 75mg of iron. Significant in- 
creases in hemoglobin, hematocrit. and serum iron were 
observed in women receiving daily 10 to 20g of **Tsukudani”” 
for 3 months. 


Influences of environmental and host factors on requirements 
jor health in Asian countries 


Effects of normal and low protein intakes (1.3g/kg and 
0). Sg/kg) on urea reutilization were investigated in Papua New 
Guinea highlanders. who are adapted to low protein intake, and 
in Japanese men. 1SN-urea was utilized for plasma protein syn- 
thesis in both groups. The extent of ISN incorporation into 
plasma protein in the Highlanders receiving standard protein 
was similar to that on low protein intake. The results were not 
the same. however. in the Japanese controls. 

The requirements of essential amino acids for rat growth were 
determined by feeding for 14 days 10% amino acid dicts 
simulating the amino acid pattern of egg. In these studies the 
dietary amino acid concerned was varied among 6 to 11 levels. 
Regression equations between body protein gain and intake of 
amino acid concerned showed thai requirements (mg) per gram 
of protein gain were 50.3 for Ile, 89.6 for Leu, 71.6 for Lys. 
48.4 for Met. 88.9 for Phe, 39.3 for Thr, 16.9 for Trp, 51.7 
for Val, 63.2 for Arg, and 25.4 for His. These values were 
close to those of the NRC/NAS. 

To estimate the protein allowances of low-birth-weight in- 
fants, effects of three milk formulae (moderate protein-fat, low 
protein-high fat and relatively high protein-fat) on growth, fat 
absorption, and protein retention were investigated for 4 weeks 
after birth. Approximate weight gains were 3Sg/day and 40g/day 
during the 3rd and 4th weeks respectively, and there were no 
differences among the dietary groups. 
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ACHIEVEMENT OF MALNUTRITION PANEL the increase in world food supply and the consequent extend: 
DURING THESE 20 YEARS fe expectancy. research on overnutrition became necessat 

ven in Southeast Asia. For these reasons we changed the 
lapanesc nan 1 ie Pan ft KIY® 110) Par mcaning 


In 1966. the LS. and lapat Malnutrition Pancls began by " 
macnuiliving SPC“ ifm research arcas wil ch could srgniticantiy in 
llucncc programs for the prevention of mainutrition im the 
Gevecloping CoOUnTTics OF Asia. At that time. influenced by under 

irition. infectious discascs were highly prevaicnt in Asia and 

the whole world. and the average life cxpectancy was also 
extremely short. This situation was thought to be related to the 
shortage of energy. protcin, vitamin A, iron, and sodide. The 
Panels sMarted to ¢ xplore scientific measures that could lead to 
ihe cradicatoon of matinutrition al wer the wortkd 

ii priority rescarch areas tor the Japan e Malnutrition 
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Nutritional guidance for aged people 
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areas as follows: 


Effects of nutrition on mental development 
Health significance of iron deficiency. 
Nutritional requirements in Asian countries 
Nutrition and infection. 

Health consequences of different food habits 


A de wt to = 


These five priority areas were established in 1978 

Today it ts necessary to elucidate the relationships between 
overnutrition and adult health and diseases. By this research 
the effects of salt and fat on cardiovascular diseases are being 
clarified: for example. fish oil containing w-3 fatty acids has 
been found to be very effective in improving the patterns of 
serum lipids. Viewpoints of nutritional research are annually 
changing, and the Malnutrition Panel is now interested in tak- 
ing up the problem of overnutrition in relation to cardiovascular 
disease 


FUTURE GOALS 


The Malnutrition Panel has two major research objectives 
undernutrition and overnutrition. In the past, research has con- 
centrated on undernutrition, but now world-wide economic 
development and improvement in cultivation has produced ade- 
quate food supplies, except in parts of Africa. At ine same time, 
life expectancy ts increasing remarkably. [he application of 
nutrition to prevention of cardiovascular diseases now 1s becom- 
ing wumportant even in Asia. 

In order to meet the needs of this new situation, we are plan- 
ning to propose five new important priority research areas as 
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areas, all Japanese panel members were changed in 1983 and 
1984, and new investigators have been appointed. The new 
priority areas are as follows: 


1. Health consequences of different dietary patterns and food 
habits for the aged in the different parts of Japan. the 
United States. and Asia. especially the effects of 
differences in calcium intake on bone health of the 
elderly. 

Development of new methods for nutrition assessment. 

In the world, including Asia, there have been no stan- 

dard parameters of anthropometry because of the differ- 

ences of race, physiological states, and food patterns. 

Development of new evaluating methods and of new 

equipment for measurement is important. 

3. Nutritional effect of polyunsaturated fatty acids tor 
prevention of adult diseases. The intake of polyun- 
saturated fatty acids is mainly from vegetable oil in the 
U_S. and from fish oil in Japan and Asia. W-3 fatty acids 
in fish oil may be very effective against arteriosclerosis 
and coronary heart disease. Nutritional and 
epidemiological studies on fish oil are important. 

4. Sulfur-containing amino acids. Glutathione and taurine 

have a close relationship to metabolism of polyunsaturated 

fatty acids. Vitamin Bs is also an important factor in 
sulfur-containing amino acid metabolism. 

Nutrition and preventior of diseases. especially of cancer 

and infectious diseases. Comparative studies between 

Japan and the U.S. are needed to clarify the relationship 

between nutritional status and endogenous mediators, for 

example interleukin, in prevention of viral, bacterial, and 
parasitic infections. 
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PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Yoshiaki Nuyama 
University of Tokushima 


Tomoichi Kusunoki 
Kyoto Prefectural University of Medicine 


Hiroshi Wako 

Iwate Medical University 
Yasuzo Tsukada 

Keio University 
Tomi: Hatakeyama 


Iwate Medical University 


Taro Inoue 
Kobe Women’s University 


Akio Urabe 
University of Tokyo 
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Title 


Effect of malnutrition during pregnancy on fetal growth in 
rats 


Nutrition and brain 

Determination of the effects of malnutrition on physical and 
mental development, behavior, physical capability, and 
work performance 

Abnormal development of the brain and malnutrition 

Determination of the effects of malnutrition on physical and 
mental development, behavior, physical capability, and 


work performance 


Studies on anemia in human subjects 


Erythropoiesis and nutritional factors 





Keizo Shiraki 
University of Occupational and Environmental 
Health 


Fumimaro Takaku 
University of Tokyo 


Shigeru Nomura 
Kumamoto University 


Hiroshi Furuya 
Juntendo University 


Tadataka Fukui 
National Institute of Nutrition 


Tetsuzo Takahashi 
University of Tsukuba 


Shuhei Kobayashi 
National Institute of Nutrition 


Ryokuero Suzue 
National Institute of Nutrition 


Yasutoshi Muto 
Gifu University 


Toshio Yamada 
Kyoto Technical University of Industrial Aris and Textile 
Fibers 


Yoshiro Wada 
Nagoya City University 


Hideo Koishi 

Osaka City University 
Kyoichi Kishi 

University of Tokushima 


Takuo Fujita 
Kobe University 


Tetsuro Morita 
Kawasaki Medical School 


Hiroyuki Toyokawa 
University of Tokyo 


Yoshio Komachi 
University of Tsukuba 


Masashige Suzuki 
University of Tsukuba 


Yuichiro Goto 
Tokai University 


Tatsuo Abe 
Saiseikai Yokohamashi Nanbu Hospital 


Tohru Abei 
Toho University 


Nutritional anemia 


Effect of iron deficiency on infection and immunity 


Community study on control of iron deficiency anemia in 
women 


Studies on iron metabolism and iron deficiency in 
pregnancy 


Methods of prevention of nutritional anemia 


Effect of exercise on protein metabolism 


Health state and nutrient intake of aged people of Japan 


Effects of nutrierts on plasma lipoprotein metabolism 


Nutritional oncology of fat-soluble vitamins 


Studies on protein metabolism and hard muscular work in 
relation to its nutrition requirement 


Inborn errors of metabolism, nutritional disturbances and 
treatment 


Protein nutrition in Papua New Guinea highlanders 
Studies on protein and amino acid requirements 
Calcium and aging 

Nutritional availability of several kinds of formulae in 


infart nutrition 


Epidemiological studies on both dietary pattern and 
thickness of subcutaneous fat measured by A-mode 
ultrasonics 


Epidemiology and community prevention of cerebro- and 
cardiovascular diseases 


Nutritional consequences of feeding patterns 
Influence of Japanese food patterns and food habits on lipid 
metabolism 


Influences of nutritional cffect of different nutrients or 
dietary habit on health 


Studies on the nutritional state of patients with acute 
diarrhea 


139 


nf 
bt 
ew 





BIBLIOGRAPHY 


Abe. T. National nutrition survey in Japan proceeding 
Methodologies for Human Population Studies in Nutrition 
Related to Health. NIH Publication No. 82-2462-142- 148. 
September. 1982. U.S.A 


Abe. T. A relapse of beriber in Japan. ibid.. 185-192 


Abe. T Nutrition and Nutrition and Food 


30 337-344. 1977 


discases 


Abe. T. The old and vitamins. Geriat, Med. 22-19-24. 1984 


Abe. T. Studics of berber in Japan. Nutrition and Food 
30 323-328. 1977 


Abe. T. The role on the pathogenesis and clinical application 
of protcin and amino acid. Nutrition and Food. 27:245-253. 
1974 

Abe. T. ct al. Biliary diseases in Bolivia. J. Med. Soc. Toho 
28: 809-8i8. 1981 


Abe:. T. ct al. A clinical study on gallstones in Bolivia. Jap 
J. Med. 22-90-94, 1983 


Esashi. T.. R. Suzuc and J. Leathem. Influence of dictary pro 
tein depiction and repletion on sex organ weight of male rats 
in relation to age. J. Nutr. Sci. Vitaminol. 28:163-172. 1982 


Fuyta. T.. M. Fukase. Y. Yoshimoto, M. Tsutsummn. T. Fukami. 
Y. Imai. K. Sakaguchi. T. Abe. M. Sawai. 1. Seo. T. Yaguchi. 
S. Enomoto, D.M. Droke. and L.V. Avioli. Basic and clinical 
evaluation of measurement of bone resonant frequency. Calif 
Tissue dnt. 35:153-158, 1983 


Fuyta. T. Aging of connective tissuc and disease. Connective 
Tisswe. 1601): 19-24, 1984 


Fujita. T.. Y. Okamoto, Y. Sakagami, K. Ota, and M. Ohata 
Bone changes and aortic calcification in aging inhabitants of 
mountain versus scacoast communitics in the Ku Peninsula. J 
Amer. Geriat. Soc. 32(2):124-128, 1984 


Fujita. T.. H. Baba. Y. Yoshimoto, M. Fukase. M. Kishihara. 
M. Tomon. T. Fukam. Y. Imai, Y. Nishu. and M. Fukushima 
Physiological significance of PTH degradation through limited 
hydrolysis by rat kidney cytosolic enzymes. Pp. 238-241. En 
doecrine control of bone and calcrum metabolism, D.V. Cohn. 
1. Fupta. et al ed. Elsevier Science Publishers B.V.. 1984 


Fujita. T. Serum calcnum 
vival of elderly patients. Kobe J. Med Sci 


an important determinant of the sur 
3: 1-6, 1984 


Fuyta. Y.. T. Rikomaru. T. Okuda, C. Date, N. Kayiwara. K 
Yanase and H. Koishi. Studies on nutrition of Papua New 
Guinea highlanders: Balance and hematological studies. J. Nutr 
Scr. Vitaminol. 28:431, 982 


140 


Fujyta. Y.. T. Okuda and H. Korshi. Studies on nitrogen balance 
and endogenous nitrogen excretron in highlanders of Papua New 
Guinea. Reports of the Research Commuttee of Essential Amino 
Acids Jap 101-23. 1984 


Fukui. T. Studies on prophy lactive effects of nutritional anemia 
Reports trom National Instatute of Nutrition. 1978 


Furuya. H. Nutritional control of anemic pregnant women 
Obstetrics & Gynecoloey Series. 233-213-219. 1979 


Furuya. H.. M. Kurabayashi. K. Kokuho. and H. Hirayama 
Therapeutic directions for anemia in pregnancy— New trend duc 
to introduction of serum ferritin determination. Obstetrical & 
Gynecological Therapy. 39-20-25. 1979 


Futatsuka. M. ct al. Follow-up studies on the distribution of 
hemoglobin levels in female farm workers. J. Epidemiol. Com 
munity Health. 33-286, 1979 


Futatsuka. M. et al. Studies on the scasonal variation of blood 
properties in farmers. J. J. P. H. 27-211. 1980 


Futatsuka. M. et al. Hemoglobin values in adult women of 
various occupational groups in the community. Jap. J. Ind 
Health. 26.155. 1984 


Goto, Y. Atherosclerosis and its risk factors in Japan 
Atherosclerosis. 5:703-706. Springer-Verlag. 1980 


Goto, Y. Hyperlipidemia and atherosclerosis 
Atherosclerosis. 36.341 1980 


in Japan 


Goto, Y. Clinical diagnosis of atherosclerosis. J. Jap. College 
Angiol. 21:225, 1980 


Goto, Y. Effects of alpha- and beta-blocker: Antihypertensive 
therapy on blood lipido: Multicenter trial. Amer. J. Medicine 
76:72. 1984 


Goto, Y. Genetic and environmental factors for longevity. Jap 
J. Geriatrics. 21:34, 1984 


Hatakeyama, T. Experimental child care— Monkey psychiatry 
The Journal of Pediatric Practice Jap 46(1):16-20, 1983 


Hatakeyama. T. Long-term effect of mother-intant separation 
in cynomolgus monkeys. Perinatal Medicine. 13(12):53-S9. 
1983 


Hatakeyama, T. Obesity in childhood. The Japanese Journal 
of Clinical Nutrition. 63(1):13-18, 1983 


Hatakeyama, 1 
Pediatric Review 


Monkey psychiatry as a model of human 
16(1): 134-168, 1983 


Hirayama, H.. K. Kokuho, M. Kurabayashi. T. Okuyama and 
H. Furuya. Clinical significances of serum ferritin levels in 
gynecological diseases with special reference to malignant 





neoplasms. Acta Obst. Gynaec. Jap., Kanto Branch. 31-10-17. 
1980. 


Hisatomi, K., S. Sasaki and Y. Niiyama. Effect of maternal 
protein and/or energy deficiency during pregnancy on 
catecholamines and serotonin in fetal rat brain. J. Nutr. Sci 
Vitaminol. 25:243-253. 1979. 


Hisatom, K. and Y. Nuryama. Effect of postnatal undernutri- 
tion on the catecholamine and serotonin contents of suckling 
rat brain. J. Nutr. Sci. Vitaminol. 26.279-292. 1980 


Igarashi, Y.. F. Yokota, R. Suzue and S. Chikaraishi. The ef- 
fects of megadoses of ascorbic acid on lipid metabolism in rats 
and guinea pigs. Vitamins. Jap. 56:91-95_ 1982 


Inouc. G.. T. Komatsu. K. Kishi. and Y. Fuyta. Amino acid 
requirements of Japanese young men m “Amino acids. 
metabolism and medical applications.” ed. by Blackburn. G_L.. 
J.P. Gram, V.R. Young. and John Wright. PSG Inc. Boston 
55-62. 1983 


Kajimoto, M.. M. Kondo. M_ Niwa. T. Suzuki. H.) Komura. 
A. Sasaki and G. Urata. Increase of -amimolevulinix acid 
dehydratase (ALAD) in rat erythrocytes 11 lead porsoning. Arc 
Toxicol. 52:1-11. 1983 


Kishi. K.. K. Rikimaru, Y. Matsumoto, F. Shizuka. and G 
Inouc. Constancy of net protein intake in rats on self-selection 
regimen with proteins of various qualities. Jpn. J. Physiol 
32:959-970. 1982 


Kishi. K., G. Inoue. Y. Yoshimura, S. Yamamoto, and T 
Yamamoto. Quantitative interrelationship between effects of 
nitrogen and energy intakes on egg protein utilization in young 
men. Tokushima J. Exp. Med. 30-17-24, 1984 


Kitamura, K., A. Urabe, K. Ozawa. Y. Kimura, and F. Takaku 
Enhancement of human T lymphocyte colony formation by 
12-O-tetradecanoylphorbol-13-acetate (TPA). Exp. Hematol 
17:1014, 1983. 


Koba, F. Blood properties and growth of school children. J 
J. P. H. 31:257, 1984. 


Kobayashi, S. Diet and diseases: Heart infarction. Diagnosis 
and Therapy. 72(10):2027_ 1984 


Kohsaka, S.. and Y. Tsukada. Neurochemical and behavioral 
Studies on the experimental phenylketonuric rats. Keio Journal 
of Medicine. 28:97-\08, 1979. 


Kohsaka, S.. K. Takamatsu, and Y. Tsukada. Effect of food 
restriction on serotonin metabolism in rat brain. Newrochemical 
Research. 5(1):69-79, 1980 


Koishi, H., T. Okuda, H. Miyoshi, Y. Fujita, M. Ichikawa. 
N. Kajiwara, and S. Miyatani. Reutilization of urea with N- 
urea on Papua New Guinea highlander. Reports of The Research 
Committee of Essential Amino Acids. Jap. 97:58, 1983 


Kokuho, K., M. Kurabayashi, T. Okuyama, and H. Furuya. 
Clinical observation of serous ferritin levels in obstetrics and 


gynecology—Relation between maternal. fetal. and neonatal 
sera. Act. Obst. Gynaec. Jpn. 32(/1)-1775-1782. 1980 


Komachi. Y.. et al. Multivariate analysis of msk factors for 
stroke eight-year follow-up study of farming villages in Akita. 
Japan. Preventive Medicine. 9(6)-722-740. 1980 


Komachi. Y.. T. Shimamoto. M._ Iida and M_ Konishi. Recent 
changes of environmental factors and trends of stroke m Japan 
Japanese Journal of Stroke. 3(2)-82. 198! 


Komachi. Y. et al. Dietary intake and scrum total cholesicrol 
level: Their relationship to different lifestyles in several Japanesx 
populations. Circulation. 66(3)-519-526. 1982 


Komachi. Y. et al. Pathological study on stroke relating to 
change in life style in Aktta. Japanese Journal of Public Health 
2913): 105. 1982 


Komach:. Y. et al. A collaborative study of stroke incudence 
im Japan 1975-1979. Siroke 1511). 28-36. 19B4 


Komatsu. T.. K. Kishi. T. Yamamoto and G Inoue Natrogen 
requirement of amuno acu’ muature with maimicnance cneres 
m young men. J) Nutr Scr. Vitaminol 299-169-185. 1983 


Kondo. M..G. Urata. and Y. Shumuzu Decreased lnwer -amimo 
lacvulinate dchydratase activity in porphyria cutanca tarda and 
in alcoholism. Clinical Scrence 68.423-428_ 1983 


Kurabayashi. M_ Studies on iron metabolism and ron deficiency 
ancmia in pregnant women- Theoretical discussion on the rela 
tion between scrum iron level and iron dose to be administered 
and clinical result after won therapy. Acta Obst, Gynaec. J 
32(7)- 833-841. 1980 


Kusunoki. T. The role of central nervous sysiem for oocurrence 
and progress of obesity. No to Hatiatsu, (Tokyo) 13 89. 198) 


Kusunoki, T. Carbohydrate metabolism in livers of mice with 
monosodium L-glutamate-induced hypothalamic obesity J 
Chron. Diseas. and Therapeut. Research. 21-254, 1981 


Kusunoki, T. Effects of carly malnutrition and subsequent 
rehabilitation on brain development-An autoradiographic study 
Brain and Development. 5-148. 1983 


Kusunoki, T. Effects of carly malnutrition and rehabilitation 
on brain development—Golgi-Cox study. Brain and Develop 
ment. 6.149, 1984 


Lai, A.. K.M. Ito. K. Komatsu and Y. Nuyama. Effects of 
various levels of dictary calcrum during pregnancy on mater 
nal calcium utilization and fetal growth in rats. J. Nutr. Ser 
Vitaminol. 30:285-295, 1984 


Matsueda. S. and Y. Nuyama. The effects of excess amino acids 
on maintenance of pregnancy and fetal growth in rats. J. Nutr 
Sci. Vitaminol. 28:557-573, 1982 


Mizoguchi, H.. K. Kubota. Y. Miura and F. Takaku. Effect 
of food deprivation on haemopoietic stem cells. Biomedicine 
36:313, 1982 


14] 





Morva, T. and S. Kobuchi. Nutritional availabilay of milk for- 
mulae composed of several kinds of protein in infants— Effects 
on amino acids in plasma and urine. Reports of The Research 
Commiuttee of Essential Amino Acids. Jap. 89-42-47. 1981 


Morna, T. Protem im infant avirmvon. Reports of the Research 
Committee of Essential Amino Acids. Jap. 9/-8-12. 1981 


Moraa. T. and K. Kobayashi. Nutritional availability of taurine 
suppicmenied powdered milk formula im infant nutrition 
Reports of the Research Commutice of Essential Amino Acids 
Jap. 101-36-39_ 1984 


Murata. H. ct al. Estudso cpidemiologico de la diarrea en cl 
departamento de Cochabamba. Bolivia. Acta Gastroentern ole rete a 
Boliviana. 2-12-16, 1982 


Muto, Y. and H. Morimwaki. Antstumor activity of vitamin A 
and wts derivatives. J. Natl. Cancer Inst. (in press) 


Muto, Y. and M. Omor:. A novel cellular retinond-binding pro- 
tem, F-type. in hepatocellular carcinoma. Ann. N_Y. Acad. Sci 
359-91-103, 1981 


Muto, Y. ct al. Jn wiro binding affinity of novel synthetic 
polyprenoids (polyprenoic acids) to cellular retinoid-binding 
proteins. Gann. 72:974-977, 1981 


Muto. Y.. et al. Demonstration of a nove! cellular retunoid- 
binding protein, F-type. in hepatocellular carcinoma. Gann 
70-215-222. 1979 


Muto, Y. Recent advances in metabolism of vita A. Vitamin 
§7.291-299. 1983 


Nishimuta, M.. T. Yamada, S$. Kobayashi, and T. Suzuki. Ef- 
fects of exercise and nutrient intake on magnesium balance in 
human subjects. J. Jap. Soc. Magnesium Res. 2(1):49, 1983 


Noguchi, T.. T. Sugisaki and Y. Tsukada. Brain development 
and growth factors. In “‘Growth and Growth Factors.” ed. by 
Japan Medical Research Foundation, Univ. Tokyo Press 
203-230, 1980 


Okabe, T.. M. Fuyssawa and F. Takaku. Long-term cultiva 
tion and differentiation of human ecrythroleukemua cells in a 
protein-free chemucally defined medium. Proc. Natl. Acad. Sci 
U.S.A. 81-453, 1984 


Okasaki, S.. S. Matsueda, M. Ohnaka, and Y. Nuyama. Ef 
fect of various periods of protem restriction immediately after 
weaning on subsequent catch-up growth in rats. Nutr. Rep. Int] 
23:471-484, 198] 


Okuda, T.. N. Kayrwara, C. Date, K. Sugimoto, T. Rikimaru. 
Y. Fupta, and H. Korshi. Nutrition status of Papua New Guinea 
highlanders. J. Nutr. Sci. Vitaminol. 27.319, 1981 


Sagawa, S. and K. Shiraki. Changes of osmotic fragility of red 
blood cells due to repletion or depletion of cholesterol in human 
and rat red cells in wrro. J. Nutr. Sci. Vitaminol. 26:161-169. 
1980 


142 


Sato. T.. A. Urabe. K. Uramoto. Y. Hashimoto. and F 
Takaku. Serum erythropoietin titres in the anemia of prematurc 
infamts. Br. J. Haematol. 54-53. 1983 


Santo. T.. A. Urabe and F. Takaku. in wiro assay of 
erythropoctin: Simple determination in a small amount of 
human scrum samples. Jap. J. Med. 23:16. 1984 


Sakai. A. Nutriponal availabilty of milk formulae wath different 
protein COMpOsiions im infants 4cla Paediatrica Japon au 
2242)-21. 1980 


Shionoya. S.. A. Urabe. Y. Hashimoto. M. Kondo and G 
Urata. Induction of d-amimolevulinic acid synthase and d- 
amunolevulinic acid dehydratase in normal human bone mar- 
row cultures. Stem Cells. 2:145, 1982 


Shivaki. K.. S. Sagawa. N. Kondo, H. Nakayama and M. Mat- 
suda. Properties of red blood cell after multiday exposure to 
31 ATA. Undersea Biomed. Res. 10-349-358, 1983 


Shiraki, K.. S. Sagawa, N. Kondo and H. Nakayama. Fragil:- 
ty of red blood cells under 31 atmosphere absolute for 14 days 
J. UOEH. $:35-46, 1983 


Sugimoto, M. et al. Ditatacion congenita de las viay biliares 
imtra y extra hepaticas. Acta Gastroenterologica Boliviana 
1-43-49, 1981 


Sugiyama, N.. Y. Wada. H. Morishita and |. Nonaka. Different 
ketogenic response to medium-chain triglycerides and to long- 
chain triglycerides im a case of muscular carnitine 
palmutoyliransterase deficrency. J. Inher. Metab. Dis 
$:233-234, 1982 


Suzuki, M. Effect of voluntary running cxercise on hyper 
triacylglycerolemic effect of sucrose im relation to its feeding 
tuming in rats. J. Nutri. Sci. Vitaminol. 29:663, 1983 


Suzuki, M. Diurnal changes in lipolytic activity of isolated fat 
cells and their increased responsiveness to epinephrine and 
theophylline with meal feeding in rats. J. Nutri. Sci. Vitaminol 
29-399, 1983 


Suzuki. M. Effects of feeding patterns on food intake and body 
composition of rats. J. Jap. Soc. Nutr. Food Sci. 36.175, 1983 


Suzuki, M. Preventive effects of high sodine intake from sodine- 
enriched eggs on atherosclerosis, calcification, and decline of 
thyroid function with aging. Int. Symp. Nutr. Prevent. Cardiac 
Diseases. Kyoto, October, 1983 


Suzuki, M. Medical and nutritional surveys in The Kingdom 
of Tonga, Comparison of physiological and nutritional status 
of adult Tongans mn urbanized (Kolofoou) aad rural (Utha) areas 
J. Nutri. Sa. Vitaminol. 30-341, 1984 


Takahasm, T. and S. Muramatsu. Effect of dictary protem and 
energy levels on the changes of nitrogen balance induced by 
exercise. Rep. Res. Commitice of Essential Amino Acids. 93:14, 
1982 





Takahashi. T. and S. Muramatsu. Effect of exercise on scrum 
free amano acid pattern. bid. 97-22. 1983 


Takahashi. T.. S. Muramatsu and Song Ja Hyun. Effect of cx 
ercise on leucine requirements in rats. Jbid 100-46_ 1983 


Takahashi. T.. S. Muramatsu and M_ Suzuki Effect of dietary 
protem level and voluntary exercise on the morphological and 
moachemical measurements. and endurance ability of adult rats 
Univ. of Tsukuba. Bull Health and Sports Sciences. 7-208 
1¥s4 


Takahashi. TQ Proteim nutrition in physical exercise. Jap. J 
Nutr, 42-213. 1984 


Takaku. FT Suda. H Mizoguchi. Y Mura. H Uchino. 
K. Nagai. S. Kariyone. A. Shibata. T. Akabane. T. Nomura. 
and T. Mackawa. Effect of pempheral blood mononucicar cells 
trom aplastic anemia patients on the granulocyte-macrophage 
and erythro colony formation in sampics from normal human 
bone marrow mm vireo) A cooperative work. Blood. 55°937. 
1¥S0) 


Takaku. F .T. Suda and Y Miura. Studies on the pathogenesis 
ot aplastx anemia. Acta Haematol. Jpn 44.1313. 1981 


Takaku. F. Differentiation of hematopoietic cells in 
hematological disorders. Acta Haematol. Jpn. 48-1191, 1982 


Tanaka. N.. K. Kubo. K. Sheraki. H. Koshi and H. Yoshimura 
A pilot study on protein metabolism in the Papua New Guinea 
highlanders. J. Nutr, Sc. Vitarninol. 26-247, 1980 


Toyokawa, H. Community nutrivon program. J. Jap. Soc. of 
Food and Nutrition. 43(4) 285-291. 1979 


Toyokawa. H. The nutritional status in Japan from the view 
pant of numerical ccology. Socal Science and Medicine 
12(6-A):517-S24, Pergamon Press. 1978 


Toyokawa. H. A study of the relationship between dict and 
cancer mortality in Japan, in © Dietary Influences on Cancer 
Traditional and Modern.” ed. by R. Schoental. T A. Connors 
37-48. CRC Press. 1981 


Toyokawa. H.. ct al. Studies for the practical uses of the A 
mode type ultrasonic device, (the first report) validity in iden 
tification of the target wave at thith. Jap. J. Public Health 
3141): 14-20, 1984 


Tsukada. Y. Effect of mild protem restriction during prenatal 
and postnatal development of rats on discriminative learning 
ability. In proceeding imternational nutrition conference. in 
“Behavioral effects of energy and protem deficits.” ed. Brozek. 
J. Published by NIAMDD NIH Publication. 79- 1906-12-21. 
1979 


Tsukada, Y.. K. Takamatsu and S| Kohsaka Changes in 
serotonin metabolism im the brain of food restricted rats. Baroda 
J. Nutr. 8-78-83, 1981 


Urabe. A. and S. Fupoka. Ervthrosd progensors m paroxysmal 
nocturnal hacmoglobinuna. Br. J. Haematol. 50-295_ 1982 


Wada. Y. Inborn errors of nuctesc acid metabolism. New En- 
cyclop of Pediat and Relaicd Med Sa 7D 267-310. 
Nakayama Book Co. 1982 


Wada. VY. Protem metabolism and as regulanon. New Encyclop 
of Pediat. and Related Med. Sox. / 774-241-253. Nakayama Book 
Co 


Wada. Y .H. Nakapma. M. ine. M. Hirezyama and S. Suwa 
Newborn mass screening im Japan-1984. Jap. J. Human Genet 
29:3. 277~. 1984 


Wako. H. ect al. Nutrition. environment and mental! 
development — Special reference to infant feeding. growth. and 
development in northern Japan. Nutrinon and Food Science 
3- 708-715. 1980 


Wako. H. et al. Reinvestigation m human milk composition 
J. Pediat, 33(11)-2207-2214, 1980 


Wako. H. Drug doses of deficiency. overadministration. and 
dependency of vatamuns. J. Pediat, 34(12):3011-3O17. 1981 


Wako. H. Effects of nutrition and environment on growth and 
development of fetus and carly childhood. J. Jap. Disposition 
4.27-§M), 1983 


Wako. H. History and perspective Uapanesc) of child malautn 
tion. Shin-Shonikagaku Takei. 18:3-12. 1984 


Wang. M_-F.. K. Kishi. T. Takahasm. T. Komatsu. M. Ohnaka 
and G. Inowe. Efficiency of utilization of soy protem rsolate 
in Japanes> young men. J. Nutr. Sci. Vitaminol. 29: 205-216. 
}9R3 


Yamada, T. Effect of physical traming in a hot environment 
on heat tolerance of men. J. Physic. Sci. 27.3, 100-108, 1978 


Yamada. T. Anemia during hard physical traming (sports 
anemia) and its causal mechanism with special reference pro- 
tein nutrition. Wid Rev. Nutr) Diet. 35:1-86, 1980 (Karger. 
Basel) 


Yamada, T. Comparison of changes im crythrocyte count, 
hematocrit. and erythropoietin levels induced by strenuous 
physical trang between athictes and nonathictes. Jap. J. Phys 
Kduc 2512) 119-126. 1980 


Yamada. T. Effect of protem nutrition on fetus growth i the 
pregnant rat J J) Womanhood. 1:69-86, 1981 


Yamada, T. Comparison of effects of vegetable protem dict and 
ammal protein dict on the imitation of ancmia during hard 
physical trang (sports ancrma). Reports of the Research Com- 
mittee of Essential Amino Acid 100-365-458, 1984 


Yamagam. M.. H. Takagi. Ho Yanai and Ho Toyokawa. A 
study on the international comparison of the pattern of food 
energy intakes. Jap. J. Public Health, 2616): 307-317, 1979 


143 





> - - 
. 2 x ou m «a " " . ‘ y ’ P . 
c . acTx uUnurTa avc 
" 
; _ . , . . : P ; - e + ose - 4 . 
' 4 x c 3 le coUcime a CT 2c Piazsiia Wooriscm Ira + m rats 
‘4 ~ ws * Xu >- a5 aK On” 


’ Mf 3 W als ? A J 5 i 4fiais is 
> mm Vo : xr Pon oT ac " en , hur rvs « | Ir aener mm wrt . : 
. : eeu 4 ’ a | > i ’ J@Iik | es © >» ae 
actin vath Menkes” Kinky Hair Discax echanism with special reference to protein nutrition. World 
i Z 7, , . ' Jk i 4 , Dh ?< ~/ Us 
: ‘ 7 . 4 
' . a - 


44 





U.S. Malnutrition Panel 


BROAD GOALS AND OVERVIEW 


‘ 3 rot NLADDDR | 





(Child with eve lesions (xerephthaimia) caused by Vitamin A Afier treatment with Vitamin 4 
defi tency 





4 om 
= a“ on 
«fa ° 


Preparation of sn abean cakes for a communis feeding center m 





| hasland 


SUMMARY OF THE THIRD FIVE YEARS 


} 2,74 g % ' 4 r i 
~ “a mrTh*x itt 
ra pes SUMMARY OF THE RESEARCH 
ACCOMPLISHMENTS WITHIN THE 
MAJOR PRIORITY AREAS 
| influence of Environmental and Host Factors on 
kp ciated v in spi Nutritional Requirements 


+f) 








dectary essential amino aceds im human subyects. 

in other studies. the imflucnce of doctary protem level. energy 
sources. and dictary protcm cncrgy rao ca the ulilizabon of 
protem energy has been studicd im weanlig rats. The level of 
protcm mm a dict. the rato of protcm to dictary encrgy . and the 
rao of ponprotcm cncrgy from fat versus carbohydratcs m the 
dict fluence the rate of weight gam and gross carcass com- 
powon. The work has prowaded mionmanon shout micractons 
among dictary concentrabons of protem. carbohydratcs. and 
tats. Other studics have shown thal pregnant primatcs can wath- 
stand dicts comtamung as latle as 3.35 protem (cascm) wathout 
atmos ol cffocts to themsecives. Although this level of protcm 
mtake ms well below thal of mom populations. the offspring were 
normal when tevicd by sumcrouws phy sologscal, bchaveoral. and 
growth measures. proweded the habcs were well fod aftcr berth 


Health Significance and Methods of Preventing 
Iron Deficiency 


In prevecws years. the pancl cmphasized studics of health 
weemfcance and methads for preventeng nutriponal ancrmua. As 
a tesalt of thes rescarch. won dcfioency surtaced as the promury 
nutrienal procursar of anciua. it also became clear thal won 
dethacncy undoultodly has other screws mamicstahons as well 
In logit of thes. the pronty arca was Changed to deal more direct- 
ly wath oon defasency and as detrimental cflects on work 
capects. performance. physical mental development and func 
toms. susceptrbulity to mfccthons. and pernmatal mortiday and 
metal, In addven. the pancl contenucs to be micresicd m 
devchopung the means by which mon deficiency can be com- 
batted. mchadeng laboratory asscesmecnts of mon status. 
prevalence and cause of eron deficrency . toad mon av ailabulity . 
amd the efficacy of mmfterventhen programs dealing wath iron sup- 
plomentatron and iron fortification of food 

Studies of the onsct of oon deficiency have shown that 
hoematacrt levels decrease before liver mon talls to as lowest 
concentration and that cyte brome ¢ om the mftestinal mucosal 
» depressed below control levels even before segnificamt ancrma 
has developed ma rat made! These findings sugges a max 
wal tate at whach pron stores can be mobulized. In the deplction- 
replicon studies with rats. pron repletion has demonstrated an 
assoctaihon with an merease mn maxemal speed and endurance 
These rats were subjected to 4 spremt-type performance test to 
cMabiish maxumum speed and endurance 

COnther studies have shown a decrease of red bload cell survival 
moron defiency states and that the red blood cell membrane 
under these conditions appeared to have mcreased membrane 
Miftness. Decreased red bload cell deformability m iron defi- 
erences has heen shown to be duc primarily to decreased mem 
brane vescoclasticty. tron defisent red blood cells have 
morcascd susceptibility to permudation and have shown evidence 
hor spontanceus membrane biped and protem cross-linking. Thos 
suggests that the mecreased red Mood cell membrane stiffness 
m enon defirency may be related to the peroxide damage and 
may be respomuble for the observed decrease in red blood cell 
survival 

In studies dessgned to differentiate the effects of anemia from 
tesuc ron deficiency mtscll. exchange transfusion was employed 
fats to central hemeghaben concentratien im mon-deficsent and 
control animals. Both bret. hard ewercise and prolonged sub- 
matomal exercise (ondurance) were markedly mmpaired in the 
wron-deficienmt anmmals In the exchanged transfused iton defi 


Clem rats. acrobic work capacity and maxumal oxyecn comsump- 
bon were corrected. bul endurance capacity of the won-deficicmt 
exchanged transfused animals was not significantly mmproved 
These results mndacate that the defects of maxmmal oxygen con- 
sumpnon and acrobec work capacity m won-deficicnt rats results 
pmmarnily from ancnua and umpaired oxyecn delivery. whereas 
the loss of endurance capacity » a direct funchon of the 
dumunshed capacaty of muscle mitochondria to utilize oxyecn 
and praduce ATP 


Interaction of Nutrition, Immune Competence, 
and Infection 


Thes difficult but emportant arca romaims cwscotially un 
changed. Well-designed. controlled studics are needed to 
characterize the nutrmponal status and cell-mediated om 
munclogical responses to viral. bacterial. and parasdac func- 
bons om defined human populations. In addmion. studics arc 
nceded on the effect of nutrasonal altcratiens on mmmunc com- 
petence m ammal madcls and the mmpact of sutrional wmicrven 
bon programs on the wmmmunc status of malnournhed human 
populations. 

Studics have demonstrated that the splenic lymphocyte 
stimulation response to mitogenic doses of phytohcmagglutenen 
m protcm-mainourinshed rats m= reduced markedly Using a 
crossover type of capermment. results were ottamed which sug 
gested that the defect resides mm a lymphacyte factor rather than 
ma scrum factor. However. the scrum zinc and playwma ascor 
bic levels were only about half those of control annals. sug 
gesting that a muluple dictary deficiency may have hoon 
imvolved 

Studies mvestigating the effect of pron status on mmmunity m 
neonatal and maternal rats have revealed that mdividual com 
ponents of the mmmunc response are affected differently by mon 
dehicrency. While circulating wmmunoglobulins (igG of IgM) 
are rewhem to change. the development of lymphoid organs 
such as the thymus and spleen ts profowndly affected by mon 
deficrency and may altcr permanently the mmmunccompetence 
of the organism 

Imeraction of zinc status and the development of the mmmunc 
system has also been studied. Using the mbred AJ mouse as 
a made! system. zinc deficiency in wtero was observed to lead 
to an interruption m the development of the mmmunc system mm 
wero, Saboptimal mmmune responses persisted after berth despate 
adequate nutriture as evidenced by normal body weights and 
serum zinc levels. This observation may explain the persistence 
of infections and high mortalities observed among low berth. 
weight infants. Other studies have mvestigated the marginal defi 
crencies of zinc and/or copper on in vive response to mfection 
using Salmonelia typhimurmm as the imfectous onganim 
Although mortality rates among the anumals within the different 
dietary groups studied were not differem, differences were 
observed im morbidity mdices. hematological responses. spleen 
weights. and liver weights when animals woth sufficient and mm 
sufficremt intakes were compared 

Finally. a longetudinal study carried out on small-for-dates 
imtrautcrine growth-retarded mtants and normal werght full term 
imtamts has heen mrtiated on order to determine the effects of 
mrauterime malnutrition on ummune function. At birth. Blym- 
phocytes and ummunoglobulins were normal and comparable 
in both birth groups. Adult levels of IgG. IgM. and Igk were 
achieved on the mntrauterme growth-retarded imtants by 7 months 
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Japanese Parasitic Diseases Panel 


BROAD GOALS 


Following the guidelincs established in 1965. schistosomuasis 
and filariasis were the foci of the Jom Panels on Parasmx 
Diseases. In 1972. the panel reviewers. appointed by the Jout 
Committee, suggested a possible revision of the guidelines on 
the basis of progress achieved in the program. Both the Japanese 
and the U.S. pancls have comtunuecd the carctul review of then 
research activates and discussed the gusdclincs af cach jount 
mecting. it was agreed to continuc to focus intensive cflorts 
on filariasss and schistosomiasis rather than to distribute cfforts 
thinly on muluple arcas. The Japanese panc! continued to sup- 
port research on defined subjects on these two discases im the 
following areas 


Pathophy siology 

Biochemistry and ology 
Chemotherapy and pharmacology 
Immunology and immunodiagnosis 
Host-parasitte relationship 

Vector ecology 

Epdermology and control 


ht was fully realized that for the successful control of filariasis 
and schistosomiasis in Japan, basic scientific research was 
crucially wmportamt. In this regard. the Japanese pancl 
appreciated the close communication and exchange of informa- 
thon maintained among Japan and US. researchers that occurred 
outside of programmed research activities 

Although successiul control of filariasis and schistosomiasis 
im Japan is encouraging and shows the possibility of cradica- 
thon of the diseases elsewhere in the world, a should be em- 
phasized that continuous attention must be paid to monitoring 
the recurrence of epidemics in the formerly infected areas. Ac- 
tually, in 1970 the Tone River basin experienced an unexpected 
small epidemic of schistosomiasis in dairy cows pastured along 
the river bank. Furthermore, in Asia and in the Pacific, either 
or both of these two diseases are still serious problems in many 
more areas. Situations in endemic areas obviously vary greatly 
from area to area and are much more complicated than im Japan 
A control measure which had been proven to be successful im 
one area may not always be effective in, or applicable to, other 
areas. More sophisticated control measures with multi- 
disciplinary approaches will be necessary. Therefore, com- 
prehensive understanding of the discases ts required, including 
the basic knowledge acquired by biomedical research in the 
laboratory. Ecology and biology of vectors, as well as the 
epidemiology of diseases in the endemic areca, must be more 
thoroughly investigated 

The joint panels who met at Kumamoto in 1982 discussed 
the Communique of the 18th Jount Commutice Meeting in recom- 
mending a symposium on the current status of parasitic infec- 
tions in 1983. The symposium took place in Bethesda, Maryland 
im July 1983. At that time, the panels drafted revised guidelines 
to expand the interest to rescarch on other selected helminthic 


and proatavaal discascs. The proposcd gusdclincs were subma 
ted to the Joum Commatiee tor comadcraton 


PROGRESS IN PRIORITY AREAS 
Emdermmolog\ 


Epdemmological studics mm a village wah 1.300 mhabnants 
m Kenya confirmed that the degree of human contact wath watcr 
was Closely related to the age-scx distribupons of prevalence 
rate and micnsiy 

In a village in Leyte. Philippines. the annual incidence among 
primary schoolchildren varied from 22.2% to 28.4% from 1975 
to 1979. The mesdence was reduced abruptly to 8.4% and 6.89 
after the school year 1980-81 by mass chemotherapy wath 
praziquanic! 

Two laboratories are engaged m research on the peradicity 
of cercaral emergence. In outdvor condmons. the peak of 
emergence of S. japonicum cercatiac from O. quadrasi was be 
tween 1800 and 2000 hours. but a sccond peak appeared be- 
tween O800 and 1000 hours. In the laboratory. the peak was 
pomarnily between 1600 and 1800 hours without 2 comspicuous 
scoomd peak om the morning 

In another imvestigation, two patterns of emergence of §$ 
japoricum cetcanac were observed: the mitial nonpernodi 
emergence took place immediately after submerging the snails 
ia water and was followed by periodic diurnal emergence with 
a peak in the afternoon 


Immunity 


One imvestigator is attempting to determine the role of IgE 
antibody im protective immunity to schistosomiasis japonica 
Adherence of cosinophils and cosinophil-mediated damage to 
dinstropheny lated mechanical schistosomula (DNP-somula) oc- 
curred after treating the somula with anti-DNP IgE antibody 
but not with normal mouse serum. Enhancement of the 
adherence and parasite damage was observed when cosimophils 
from Nippostrongylus brasiliensis-intected rats were used 
Results of a rosette forming assay carried out by using DNP- 
sheep erythrocytes suggested that this enhancement may be duc 
to the increased expression of Fe receptors for IgE on 
cosimophils 

A study has been initiated recently on antigen-specific sup 
pressor T cells (leu 2a” 4a) am bow responders to schistosomal 
worm antigen in humans. Low responders to schistosomal an- 
tigen, determined by antigen-specific T cell proliferation in vitro, 
had a significant association with HLA-BwS2-Uw1l2-DR2 
Low responsiveness was controlled by antigen-specific sup- 
pressor T cells which were Leu 2a positive. Restriction map 
ping of the HLA-class Il genes using 9 enzymes indicated $ 
HLA-class I genes composed of DR 8. DC 6 and new unknown 
class Hl genes. These observations suggested that there are at 
least 3 distinct loci for the HLA-class Il molecule 
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In one laboratory. attenon has been focused on cramming 
segucnial changes of the oogram after treatment wah praz:- 
quante!. When the drug was given orally. the oogram on the 
next day was characterized by an abrupt reduchon of mature 
Cggs and an mcreasc of empty egg shells. In balanced sah solu- 
bon wath prazsquanic!. muracedsa were activated wathin a icw 
nunutcs and released trom the cggs. lt appcars thal mmmeodiasic- 
ly after admunmtraton of prazsquanticl mos of the mature Cees 
ruptured mm the host trssucs. and this results in the sudden reicasc 
of a large amount of aniegcmic substance m the blood crrculapon 


Filariasis 


Emdemolog, 

Filamasts control campaigns m Okmawa and Kagoshuma sence 
the carly 1960s were fcllowed up cpidemologically. These 
studies revealed that endemac discase was successfully controlled 
ty selectrve DEC treatment. The application of skun tests was 
considered guste useful as an cpidermological index. Endemuc 
onchocerciasss mm San Vicente Pacaya. Guatemala was analyzed 
epidermologically during the period 1977-81. The detailed 
epdcrmological features. including prevalence and modence. 
were clucsdated im this country 


Immunolog 


In the diagnosis of onchocerciasss and malayan filariasis. 
ELISA was successfully apphed by varnous workers. In on- 
chacerciasis. the mcrease of immune complies. reduction of anti- 
tctanus antibodies. and reduction of reactivity against PPD were 
demonstrated. In various filariasis infection models. the ap- 
pearance and duration of specific mmmunoglobulins were cx- 
armmuned. In a rat model. n was found that IgE did not play an 
important role um the protective mmuniy against challenge m- 
fection. An allergen was purified from Dirolfilaria immitis 
which stimulated specific IgE antibodies in the dog and mouse 
This substance was present in the excretory and secretory fluids 
of adults, but not m microfilariac. In a Brugia-mouse model. 
it was found that irradiated L, induced a high protective mm- 
munity which was transicrable by spicen cells from sensitized 
moe. A sero-epidermological study showed the presence of a 
close statistical relationship between adult T cell leukerma and 
filarsasis at all infested arcas m Nagasaki 


Patho-physiolog, 


The enzyme activities and chemical nature of globin protcasc. 
acetyl-cholimne esterase, acid phosphatase. and Hb hydrolase 
were imvestigated im several filariac. A histological study 
clarified the mvolvememt of the type | hypersensitivity 
mechanism in killing onchocercal microfilariace after DEC ad- 
mumstratiom A brachemical study on the metabolism of develop- 
ing B. pahangi revealed a remarkable change im metabolism 
tollowing the parasite’s shift from imsect to vertebrate hosts 
In the laboratory maintenance of L. carcinii, techm@ques were 
established to collect the great majority of microfilariac from 
bload and L, from mites. A systematic cxamination of on- 
chocercal nodules im Guatemala clarified histological features 
and described parasite ivelvement im the Western Hemisphere 


Chemotherap, 

A method to test the filaricidal action of various drugs such 
as DEC was intensively investigated in Brugia-jrd model. In- 
trapleural injection of DEC yielded successful results mm this 


study. In prds. rapsd excrenon of DEC mmo unme was observed 
A sophisucated device was imtroduced to cxamune the macro- 
filancidal achon of some reagents when admunstcred wah DEC 
m the prd model 


Morpholog, 

Chromosome sumbers of the followsng filamac m the sper- 
matogomal and aogomal cells were Clarified as follows: D. on 
mins (n=S). S. diguata in=6. In=12 m female and 2n= 11 
m malic). B pahangi in=$) and B. malawi in=5). A tochmguc 
was cMabisshod to coun the sumbcr of nuctcs mn CS-NR rogacn 
of mucrofilanac. The sumber was comsadcred to he specific for 
various filarial spocscs. Ultrastructural obscrvapom of adult 
filanac by SEM revealed that the shape of caudal papillac was 
usctul on the differcmtiuaon of filarsal spocecs. In mice moculated 
suhcutancously wath the mucrofilarmiac of D. immu. the tc 
covery rate was rather low. the cxuperimem suggested the 
poswiuiay of useng the as a made! for anchacerciasss. In the 
B. pahangi-GN hamster model. a method of the mtra-tcstacular 
moaculanon wath L, led to the conchaseen that ths madc!l was 
usctul for the evaluation of filancedcs 
Vectors 

The susceptitulsics to Bo malaw of vances strams of Ac 
aceypn and Ac. togen were cxamned. Two of four stra m 
the former species and the Tarwan straen om the laticr were found 
to be highly susceptibic. By using a B. malaw-jrd model. the 
relanonships between the bload volume. the sumber of 
macrofilariac ingested. and the development of larvac were cx 
amuned The relasonshup between mucrofilanal density and mos. 
quito «ge was shown to cffect the rate of growth of larvac. To 
study the susceptibility of mosquitoes to filaria. the cncape.:< 
von mechanism of microfilanac m the mosquito was ©@ 
vestigated. lt revealed that encapsulation was related to the 
natur: of the larvac moculated. A genetic analysis was per 
form d on several species of anopheline mosquitoes from East 
Asia m regard to thew susceptibilay to filaral parasites 
Methoprene and diflubenzuron, msect growth regulators. were 
evaluated in the control of blackfly larwae under field condi- 
ons. A notable mbhibition of adult emergence was caused by 
the former reagemt and a marked decrease of pupal density by 
the latter. A possible use of these reagents im the control of 
blackfhies was suggested. The transmission dynamics of D. im 
mitis by the vector C. p. pallens was studied m Nagasaki. In 
this study. a two-stage catalytic model was apphed and was well 
fitted to the explanation of transmissron 


SUMMARY OF ACHIEVEMENTS OF THE 
PARASITIC DISEASES PANEL DURING 
THESE 20 YEARS 


Since 1965, both basic and applied research on schistosomiasis 
and filariasis were encouraged and supported by the Japanese 
panel in accordance with its goals. Epidermological surveys for 
schistosormmasis and filariasis were conducted m Japan and some 
foreign countries. The control of both filariasis and 
schistosomiasis om Japan was achieved during the 20 years of 
the U.S. Japan Program 

No new cases of human schistosormasis have been found om 
Japan since the last case at Kofu om 1977. In Japan, comrol 
measures were cxchusively directed to the climmnation of vector 
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Vaccimavon wath infective larvac of Bo malawi and B. pahangi 
aticnuated by gamma wradiahon protected 93% of the challenged 
mace agains infechon. Among a lot of monoclonal antibodies 
produced against On specific antibodies were 
molaicd 

A scro-cpidenuological rclaponshap was found between filana 
and HTLV infections in human population in the old filana in 
icMed afcas 

Strong ack! phonpiiatase aclivily Was oMcT 
im the subcutnular Laver of the body wa 


pruarhan wt im) i “arin 


iva ives ia Py 


ved histachemucalls 
nD omens. B 
and al ite samc sic and in ol in aicro 
in Sctana sp. of the com Tw I bovikahrome “ctc 
shown to function in the clectron transport svsicm of D. um 
mus. The onc was oxsndizable by ftumaraic. mndicating the 
presence of an alicrnative clectron transport branch cmploy ing 
lumaratc as the hydrogen acocptor. In the study of Bo pahang: 
m the prd. estradso! suppressed the suscepubilay of the how 
and retarded the devclopment m the mosguitoe. whereas pro 
gesicronce sSumulated the devclopment of larval sage m the host 
In morphological Mudecs of mit. the number of nucic: Netwoen 
the cephalic space and the nerve ring was characteristic to cach 
of 6 species. Chromosome sumbers of D 
0. volvulus, and O. eatteresa and then sc. types were clarified 
Vanous anumal madcls of filariasis were esMabinhed for 
pathophy selogical and therapcuta sudics. Those were adult 
B. malas unplanted itraperitoncally unto the prd. B. pahang: 
myccted mite the GN hanmmticr watratesocularls. L) carmu myccted 
in the nudc mousc (nu au). and mt of D) wemtis moculated in 
to mmce subcutancously The microfilancidal cfitect of DEC was 
mvesigated in cxpenmentally infected anmmals to clucidate ms 
made of achen. The results ompled that mmunological cond: 
homng together with macrophage activity of the host ms required 
tor the drug to be active. Output of mi nn D. enmtis cultured 
im vire was Sopped by addin of DEC im the medium. MI 
of B. malavi m the prd was affected by giving DEC for 5 con 
secutive days though a required more than a single dose 
Dificrem susceptibilities of Ac. toga, Ac. albopnctus, Arm 
vores subalbatus and Culex pipiens pallens were tound tor B 
malay and Bo pahane:. Genet: variants and wentity have been 
analyzed by chromosome patterns of anopheline mosquitocs. 
such as An. barhirostris and An. minimus groups im Asia and 
inthe Pacific. A straun of An. Ayrcanus was tound to be nether 
susceptible to Bo malay nor to vivax malaria. Inicr-crossing 
among local strains of Cu. pipiens complex im Ching was 
studied. and most strains were compatible cxcept foi ctr ies 
of Fuzhon strain to males of 2 local strains Susceptibiiny of 
blackflics. Simuliam ochraccum, S. pinto, S. metallicam, and 
S. haematopotum vo O. volvulus was tound to differ greatly by 
lacality in Venevucla and Guatemala 
Studies on biology. coology. and genetics of mosquitoes and 
blackflhes as well as vector snails should lead to a better 
understanding of the complicated processes in the transmission 
of the vector-borne diseases concerned and to the development 
ft further improved approaches to thei control 


iypes 
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FUTURE GOALS 


In spite of the tremendous ciiort to expand schistosomiasis 
and filariasis research, full understanding of these diseases ts 


sull lacking. Though some control practices have been successtul 
m cenain small areas where economical development has pro- 
egressed to a certa’: +. vel. large numbers of people m many parts 
of the world are sull greatly affected by these discases 

Not infrequently . 1 has been recommended that the panel in- 
tensily as efflorts to meet the needs of the whole world. The 
panel ts fully aware of the fact that the final goal 1s to bring 
these diseases under complete control. and that all research 
should be onented to this end. However. the panci 1s also con- 
vinced that the best and the shortest way to reach this goal is 
to accumulate more basic knowledge to produce new effective 
tools applicable to disease control 

The Jou Pancls met at Kumamoto on 22 and 24. August 
1982. and discussed Communique of the 18th Joint Commuitice 
Mecting issued on July 23. 1982. which recommended holding 
4 symposium on the current status of parasitic infections m 1983 
im place of the 18th Jom Conference. The Symposium on **Cur- 
rem Status of Unresolved Problems in Parasitic Diseases” was 
realized at Bethesda. Maryland on July 18-19. 1983. Besides 
the two parasitic discases. schistosomiasis and filariasis. on 
which the panels had been concentrating their activities. the 
present status and problems on the other parasitic diseases such 
as malaria. trypanosomiasis. lenshmaniasis. strongyloidiasis. 
giardiasis. and Pneumocystis carinii pneumonia were reviewed 

After the symposium. the pancls drafted revised guidelines 
that expanded their research to other selected helminthic and 
protozoal discases. Special ¢ sis was placed on vector-borne 
diseases. Both basic and applied research are supported in the 


following areas 


Epidemiology 

Vector Biology and Control 
Parasite Biology 
Host-Parasite Interactions 
Pathology 

Immunology 

Biochenustry 

Chemotherapy 


Thus. the proposed guidelines were submitted for considera- 
tion to the ‘oint Committee meeting held at Bethesda on July 
21 and 22. 1983. The new guidelines were approved by the Jout 
Committee in June 1984 at the mecting held in Tokyo 

The future goals are now on the way to being modified to 
expand the kinds of parasitic diseases that the pane! will study 
The activities of the Japanese pancl under the new guidelines 
will begin with the 1985 Japanese fiscal year which starts in 
April 1985 

During the transitional phase. panels of both countries decided 
to convene a minisymposium on ‘Ecology and Control of Vec 
tors during the {9th Jou Scientific Conference held at Tokyo 
on August 21-24, 1984, in which topics of mosquitoes. malaria. 
onchocerciasts, Onchomelania, and Biomphalaria snails and 
schistosomiasis were highlighted 

These parasites exist in an extremely complicated and well 
balanced ecological system in nature. The research will aim to 
locate and develop tools to attack, in the most effective and feasi- 
ble way. the vulnerable points in the life cycle of the parasites 





SHORT SUMMARY OF THE PAST 
20 YEARS 


Since 1965. research on schisiosomuasss and filariasis has been 
supported under this program. No newly infected human case 
of schistosomiasis has been found im Japan since the last onc 
was reported in Kofu in 1977. Control measures were directed 
cxclusively at climinating the vector snail. Oncomelania 
nosophora, mainly by environmental modification. All snails 
were cradicated by 1981 except for a few remamuing im the Kofu 
arca. Eradication sudics are underway m a tecw foreign 
Countrics 

Mass chemotherapy with praziqguante! in the Philippines 
remarkably reduced transnmussion as measured by incadence. The 
uneven distribution of the snail. O.| guadrasi. was studied 
thoroughly. and the snail survey data were successfully nor- 
malized by a simple transformation formula. log (x + 0.01) 
Studies are being donc wath phebrol. a synthetic molluscicude. 
and an extract of Jatropha curca seed 

Culture media were improved for the in vitro cultivation of 
S. yaponicum adults and muiracidia. and for midget tssucs of 
O. hupensis. The killing effect of monoclonal antebodies of 
igG!. IgG2a. and IgE. neutrophils. cosinophils and comple- 
ment on schistosomula cultured in vitre ts under study. Daughter 
sporacysts of S. mxcursoni have been successively transplanted 
in B. glabrata 

Human low responders to schistosomal worm antigen showed 
4 Matistical association with HLA-BWS52-Dw!2-DR2. and the 
low responsivencss was apparently controlled by specific sup 
pressor T cells. Restriction mapping of the HLA-class I genes 
mphcated five genes. DRS. DCB. and three new ones. Develop 
mem of igk antubody against S. yaponicum was best im mice 
cxhibsing the H 24 haplotype 

Blood added to filter paper and then stored in a dessicator. 
even at room temperature in the Tropics. Was 4 satisfactory 
source of antibody. Several scrological methods tor diagnos 
ing schistosonuasis have been developed that are highly rehabic 
Hemoglobin specific protease exhibited species specificity in 
RASI 

Climcal observations on cerebral and hepatosplcnomegalx 
types of schistosomrasis were done m Japan and in the Philip 
pines. and characteristic clectrocncephalograms were found tor 
hoth arcas 

The chology of cerebral schistosomiasis was found to be duc 
to the egg embolism and or vascular changes in the brain. The 


action of praziquantel on forced shedding of miracidium from 
the egg was clarified. 

In the study on the de novo pathway of pyrimidine synthesis 
in S. mansoni, carbamoylphosphate synthetase was found to play 
a key role in the inmial steps. A unique cyanide insensitive 
pathway was found in a mitochondria fraction of B. glabrata 

As for the filariasis research. the control of human filariases 
was completed in Japan with a ~ampaign from 1962 to 1969 
using selective mass treatment with dicthyicarbamazine (DEC) 
Improvement of the filtration technique for microfilaria (MF) 
detection made the survey efficient and satisfactory. The 
methods of data analysis for mf density and periodicity in a 
locality were devised for characterizing the local epidemiological 
features 

Since 1973. epidemiological studies were performed on 
onchocerciasis in Guatemala. The prevalence of mf in the skin 
and eyes was 32.2% and 6.2%. respectively. The annual mi 
incidence observed in the skin was 6.4% and 3.59% in males 
and females. respectively. Scrologic methods for diagnosis were 
advanced fairly well using various antigens. Antigens derived 
from adult D. immitis. specifically IgG and IgE. were separated 
and their chemical characteristics were analyzed 

Vaccination with infective larvae attenuated by gamma it 
radiation protected 93% from the challenge infection. Among 
monoclonal antibodies against O. volvulus. specific antibodies 
were isolated. A scroepidemological relationship was found be 
tween the filaria and ATLV infections in the old tilarnia infested 
areas in Japan 

Of two types of b-cytochrome functioning in the clectron 
transport system of D. wmmitis. one was oxsdizable by tumaraic 
This indicated the presence of an alternate electron transpori 
sysiem cmploying fumarate as the hydrogen acceptor 

Several animal models of filariasis were established which 
strengthened pathophysiological and therapeutic studies. The 
results of studies on the mechanism of action of DEC indicated 
that immunological conditioning together with macrophage ac 
tivity was required for the drug to be active 

For a few groups of anopheline mosquitoes genetic variants 
have been identified and analyzed by chromosome patterns 
Studies of the biology. ecology. and genctics of vector insects 
and snails should lead to a better understanding of transmis 
sion dynamucs of tilanasis and schistosomiasis. and facilitate 
their control 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Dr Yoshiki Aoks 
Nagasaki University 


Dr Keizo Asan 
Kew University 


Dr. Kovhuro Fupta 
Nagasaki University 


J ithe 


Epidemologs of filariasis and schistosomiasis 


Bux hemustry of schistosomiasis 


Immunology of filariases 
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Investigator and Institution 


Dr. Shigeo Hayashi 
National Institute of Health 


Dr. Seuti Inatomi 
Okayama University 


Dr. Akira Ishu 
Okayama University 


Dr. Tozo Kanda 
St. Marianna University 


Dr. Kenyiro Kawashima 
Kyushu University 


Dr. Some: Kopma 
Shinshu University 


Dr. Takeshi aurihara 
Teikyo University 


Dr. Toshio Nakabayashi 
Ohsaka University 


Dr. Munetoshi Numura 
Chiba University 


Dr. Yoshito Otsuji 
Kagoshima University 


Dr. Hiroshi Oya 
Juntendo University 


Dr. Takehiko Sasazuki 
Tokyo Medical & Dental University 


Dr. Atsuo Sato 
Kagoshima University 


Dr. Kumiko Sato 
Gunma University 


Dr. Toshiro Shibuya 
Teikyo University 


Dr. Mamoru Suzuki 
Gunma University 


Dr. Isao Tada 
Kumamoto University 


Dr. Suchisa Takada 
Ohsaka City University 


Dr. Hiroshi Tanaka 
University of Tokyo 


Tithe 


Epidemiology and immunology Of Mlafiasis and 
schistosonuasis 

Ultrastructure of schistosomiasis and filariasis 

Immunology of schistosomiasis 

Epidemiology of filariasis and biology of the vector 
of filariae 

Biology and control of vector snails of schistosome 

Immunology of schistosomiasis 

Biology of mosquitoes 

Biology of malariae 

Epidemiology and chemotherapy of schistosomiasis 

Epidemiology and chemotherapy of filariasis 

Biochemistry of schistosomiasis 

Immunogenctics of schistosomiasis 

Immunodiagnosis and epidemiology of filariasis and 
schistosomiasis 

Immunochemistry of filariasis and schistosomiasis 

Immunology and chemotherapy of filariasis 

Studies on malaria vaccine 

Immunodiag sis and epidemiology of filariasis and 
schistosomiasis 


Biology of haemoprotozoa and filariac 


Epidemiology. immunology, and chemotherapy of 
schistosomiasis and filariasis 





Investigator and Institution Title 


Dr. Moriyasu Tsuji Immunodiagnosis of schistosomiasis, laboratory breeding 
Hiroshima University of oncomelania snails 
Dr. Hiroshi Tsutsumi Pathology and immunology of schistosomiasis 


Kurume University 


Dr. Yoshto Wada Biolor and control of vectors of filariae 
National Institute of Health 


Dr. Hisashi Yamamoto Biology of vectors of filariae 
Dokkyo University 


Dr. Toshio Yanagisawa Biochemistry of schistosomiasis and filariasis 
Kitasato University 


Dr. Kazuo Yasuraoka Biology and control of schistosomiasis 
University of Tsukuba 


Dr. Munco Yokogawa Epidemiology. immunology, and chemotherapy of 
Chiba University schistosomiasis 
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Anopheles dirus, the primary vector of malaria in Southeast Asia 
and southern China, taking a blood meal. 














U.S. Parasitic Diseases Panel 


BROAD GOALS 


Since the inception of the U_S.-Japan Cooperative Medical 
Science Program in 1965. the focus of the Jomt Panels on 
Parasitic Diseases was restricted to the two important discase 
entities of schistosomiasis and filariasis. The current status of 
these two groups of parasites as mayor causes of human suficr 
ing throughout the world’s tropical and subtropical regions ts 
generally little umproved. In tact. the diseases are still spreading 
inmany developing countrics. It rs generally estimated that cach 
of these diseases afflicts more than 250 million people. Although 
direct mortality from these infections ts low . their profound ct- 
fect upon human health and well-being and their interaction with 
malnutrition and other parasites and microbial agents contributes 
to substantial morbidity and places a significant burden on health 
services in developing countries where they occur. The impor 
tance of these two diseases was underscored when. in 1976. 
the World Health Organization included schistosomiasis and 
filariasis as two of the six diseases tor sclected study im then 
Special Programme tor Research and Traming in Tropical 
Discascs 

The original 1965 guwdelines directed the Panels on Parasitn 
Diseases to focus ther activities on the two important vector 
borne human helminthiases. schistosomiasis. and filariasis. This 
rather limited focus was reaffirmed in 1975 when the guidelines 
were reviewed by the pancls. A wide varicty of studies. involy 
ing both basic and applied research on these two discases. were 
continued. The success of this program over the two decades 
ot the Cooperative Medical Science Program ts clearly 
demonstrated by growth in research publications and the ap 
pearance of many new investigators who pursuc relevant 
research 

However, by the carly 1980s a became apparent that applica 
tion of some of the newer research technologies in immunology 
and molecular bhology. employed to study blood and tissuc pro 
lozoan infections, such as malaria. lemshmaniasis. and 
irypanosomiasis. had considerable relevance for research im 
schistosomiasis and filariasis. The panels noted the similar in 
vestigative problems between many helminthic and protozoal 
diseases including vector imicractions, pathogenesis, im 
munologic consideration, and other factors. These objective 
discussions resulted in change of guidelines with inclusion of 
malaria and other vecior-borne parasitic diseases. The new 
guidelines are as follows 

“The Parasitic Diseases Panels have a primary interest in 
research on selected helminthic and protozoal discases with 
special emphasis on vector-borne parasitic discases such as. but 
not limited to, malana, schistosomiasis, and filariasis. Spon 
sored studies share a long-term goal of alleviation of these 
diseases. Strategies include vector control, interruption of the 
parasite life cycle, and reduction of the amount and cflects of 
infection in man by vaccination, chemoprophylaxis. of other 
modalities. Both basic and applied work ts supported im the 
following areas 
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Epidemiology 

Vector Biology and Control 
Parasite Biology 
Host-Parasite Interactions 
Pathology 

Immunology 

Biochemistry 
Chemotherapy 


Special emphasis will be given to studies designed to explore 
the role of membrane chemistry and antigen differentiation in 
infection and mmmunity. In addition. the panel is concerned with 
supply of parasites and infected animals to investigators and 
with availability of research workers in these ficlds. 

Appropriatcly. the focus of the Parasitic Diseases Panels ts 
i” promote. encourage. and abet cooperative imicrnational 
research on not only filariasis and schestosomiasis but malaria 
and other vector-borne parasitic diseases. The biologic nature 
of the parasites involved and thei subsequent human cftects 
presume a long-term commitment to develop an understanding 
of the disease processes and formulation of specific means for 
their control, Complexities of their lite cvcles involve molluscan 
and arthropod vectors, as well as human and other mammalian 
hosts. This necessitates a multivariate look at all facets of their 
life cycle mm order to tind the weak links which might be ex 
plotted by scientists who work im specific and related fields 
Such disciplines as parasitology. malacology. entomology. 
genetics. coology. bhochemustry . pharmacology. immunology. 
molecular biology. and other basic disciplines must ail interact. 
in the laboratory and in the field. to achieve success in combat 
ting these parasites 

Significant advances were made since 1979 in schistosomiasis 
and filartasis research. This is vividly reflected in the large 
number of publications which are attributable to sponsorship 
of studies under the Program's aegis. This logarithmic growth 
mvolved investigators, and newly advanced knowledge relates 
directly to the guidelines directive to supply parasites, infected 
ammals. and vectors to investigators. The complex nature of 
the lite cycles of schistosomes and filarniae precludes some scien 
tists who lack facilities for maimtenance of these cycles from 
working on these organisms. Many of the important facets of 
hasic investigations are handled by technical personne! with little 
or no parasitological expertise. They bring thei own special 
expertise to help resolve some of the problems asvociuted with 
these discases 

In the following report brict summaries of cach of the 
preceding three S-year reports. 1965-1970, 1970-1975. and 
1975-1980. are provided. These are tollowed by a more detailed 
summary of the notable developments of the last 5 years of 
research on the fields of schistosomiasis and filariasis 





SHORT SUMMARY OF THE FIRST 
FIVE YEARS 


A broad range of investigation on filariasis and schistosomiasis 
included immunology. pathogenesis. pathophysiology. 
biochemistry. and chemotherapy. The following research ac- 
complishments were highlighted on schistosomiasis: (1) 
demonstration of protective immunity in primates against 
Schistosoma japonicum by exposure to homologous \-irradiated 
cercariac, (2) demonstration of the relationship between cell- 
mediated immunity and schistosome granuloma formation: (3) 
definition of the lipid metabolism of schistosomes. and of their 
depencence on an exogenous supply of cholesterol: (4) clabora- 
von of the conformational requirements for schistosomicidal ac 
tivity of nitroheterocyclic drugs: and (5) establishment of new 
expermmental models of Schistosoma haematobium infection in 
subhuman primates. with pathologic reactions similar to that 
of humans 

In filariasis research. a new small laboratory animal model 
of lymphatic filariasis was established through infection of the 
pnd. Meriones unguculatus. with Brugia pahangi and B. malavi 
This model generated many new advances in our understanding 
om lymphatic filarial infections. Quantitative studies on 
pathogenesis of Brugia intections in cats were initiated. Efforts 
fo umprove filarnal scrodiagnosis were instructive in detection 
of extensive cross-reactivity between filarial and other helminth 
antigens. Ficld studies were reported on the vector mosquito 
of the Aedes scuteliaris group in the Pacific as were biochemical 
studies on the bacteria-free rearing of Aedes mosquitoes which 
defined the host's requirements of RNA and of zinc 


SHORT SUMMARY OF THE SECOND 
FIVE YEARS 


Research efforts were confined to schistosomiasis and 
filariasis: investigators working in schistosomiasis exceeded 
those in filariasis: the character of work was more sophisticated 
The latter related specifically to the opportunity to employ 
defined laboratory animal models with shortened life cvcles for 
schistosome parasites 

Major advances in schistosommasis uncluded the sequential 
monitoring of the mmunopathology of cercaria-induced infec 
tons by modern quantitative immunological and patho 
physiological techniques. The role of cell-mediated immunity 
iN granuloma formation was best demonstrated by use of guinea 
pigs and chickens, which are normally unsusceptible to 
schistosomiasis, The immunological mechanisms activated by 
schistosome eggs vary among parasite species and 
granulomatous responses are subject to chiciting and modulating 
influences. This has considerable significance since modulation 
of the host cell response to schistosomes could have therapeutic 
value in human infection. particularly im the acute. severe. “tox 
cmc stage 

Problems associated with the mutagenic. teratogenic, and cart 
cinegenic potential of antischistosomal compounds were signifi 
cam. These led to numerous studies on analogs of effective 
compounds and development of drug resistance Substantial 
progress in cultivation of schistosome larval stages was made 
dentification of the complete life cycle was not accomplished 
A mayor development was the successful establishment of a cel! 
line trom Bromphalaria glabrata embryos 


During this period filariasis research was devoted principal- 
ly to claboration of model systems for the laboratory study of 
various filarnial parasites. The classical. laboratory -maintained 
filanac—Litomosoides carinii, Dipetalonema viteae. and 
Dirofilaria immitis were wtilized but increased progress was 
made in studies on the lymphatic-dwelling filariac of the genera 
Brugia and Wuchereria. showed tor the first time that the 
human species. Wuchereria bancrofti. matured. though 
nucrofilarcmas did not develop. in macaque monkeys. Stuaics 
on the pathogenesis of Brugia malavi and B. pahangi infections 
in dogs and cats gave new insight into the underlying 
mechanisms of human pathologic changes caused by these lym 
phate ftilariac 

The importance of the Mongolian prd. Meriones unguiculatus. 
as a laboratory host for the lymphatic filariac was confirmed 
and extended. A significant finding was that intraperitoncal in 
eculation of infective larvae resulted in development of adult 
worms and production of muicrofilarniac in the body cavity. This 
facilitated recovery of all stages of the parasie for use in ex 
perimental procedures. the collection of material for uve as an 
tigen in scrological and immunological studies. and develop 
ment of bhochemical studics on these parasites. The Dirovfilaria 
dog model and the various Brugia models showed that separate 
immunological mechanisms were operative in the suppression 
of nucrofilaremia versus protection trom remfection 

Despite increased study. no new antifilanial drugs were shown 
to be supenor to dicthylcarbamazine. A significant new vector 
development was the demonstration that cytoplasmic imoom 
patability in Culex related to the presence of a rickettsia-like 
organism, Wohlbachia pynentis. which could have considerable 
wignificance im vector control 


SHORT SUMMARY OF THE THIRD 
FIVE YEARS 


A wide variety of animal models was used for schistosome 
research with expanded use of inbred strains of mice and utihza 
hon of hamsters. rabbus. and primates. Thos led to significant 
mivances and a better understanding of many features of 
schistosome infections which included mechanisms of prote. 
hon and mmmunorcgulatien and the chronologs of the pathologan 
response In studies of Schistosoma japonicum the Philippine 
stra of the parasite was consistently more pathogen than those 
of China. Tarwan, or Japan. The recently described 8S. mekonyy 
is highly pathogen tor hamsters and mice but dogs. the natural 
reservour, suffer only minor pathologse changes and tend to self 
cure over time. The baboon is the best animal host for studs 
mM pathologn changes duc to So Aacmatoehium imtection 

Immunopathogens studies showed the dependence of 1 
lymphocytes and schistosome ova granuloma formation There 
are differences in bologic and host ummune responsiveness to 
infections with So mansenm and S. japonicum which suggests 
possible differences in egg antigens hetwoen the species. In vitre 
systems were developed of tissue culture which showed the tor 
maton of actual granulomas around eggs 

Much work was related to the potential development of a 
schistosome vaccine The purification and identification of an 
tigens. particularly those at the egg Mage. were notable ad 
vances. From these studies hybridoma technology was used for 
development of monoclonal anti soluble egg antigen component 
antibodies. This led to development of a very sensitive radio 











immunoassay procedure for the diagnosis of S. mansoni 
infection. 

it was shown that cosinephils cause a small but significant 
antibody-dependent toxs effect on culture derived 
schistosomula. There ts evidence that activated macrophages 
may play an important role m reyection of schistosomula and 
that macrophage activation may be a major determinant factor 
of the ummune status of the host. Through use of various model 
systems i was shown that inbred mouse strains vary widely in 
their protection duc cither to chronic primary infection or 
wradiated-cercanal immunization. 

The need for better antischistosomal drugs remained a high 
priory tor research. Despite considerable progress in cultiva- 
tion of schistosome life cycle stages there was a major gap in 
the mability to promote and maintain reproductive activity under 
axemec conditions. This has considerable relevance in develop- 
ment of antischistosomal drugs. Finally. the development of 
molluscan cell culture lines made new research opportunitics 
possible such as evaluation of defense mechanisms in molluscs 

A mayor advance in filariasis research was production of ex- 
perimental patent infections of Wuchereria bancrofti in Tarwan 
macaques. Microfilaremias were low and transient yet this ac- 
complishment was the first definitive indication for the even- 
tual establishment of a primate model for the study of classical 
W. hancrofti tection. This parasite ts the major cause of human 
tHilanial clephantiasis. Jirds and other rodents were widely cx- 
plotted tor pathologic and immunologic studies. Concurrent 
feline infections with Brugia malayi and streptococci resulted 
in tissue inflammation and edema consistent with that of chronic 
human infections. In addition to the lymphatic filariac. « was 
demonstrated that the African eye worm. Loa loa, could be 
mamtained routinely in baboons and several species of monkeys. 
deerflies from the southeastern United States can serve as effi- 
cient expermmental vectors. Use of the Mongolian jird-Bragia 
made! for study of the immune response in filariasis provided 
evidence for the role of cell-mediated immunity in these infec 
tons. Filarial infections induced suppressor cell activity which 
inhibited lymphocyte proliferation in vitro. Increased levels of 
circulating ummune complexes were noted in the sera of jirds 
infected with B. pahang:. but there was no correlation between 
immune complex levels and the numbers of circulating 
nucrofilariac. Studies were pursued on the bhochemustry of larval 
and adult filanac. with a view toward developing better 
chemotherapeutic agents. Pyruvate metabolism was evaluated 
in B. pahangi and Dipetalonema viteae. The tricarboxylic acid 
cycle pathway ts regarded of doubtful importance as an energy 
yielding pathway in these parasites 

Through Panel-sponsored contract research short- and long 
term cryopreservation of microfilanae and infective-stage filarial 
larvae of sheathed and unsheathed species was accomplished 
This provided opportunities for the transport of rare or scarce 
materials to laboratones capable of working with vanious aspects 
of these parasites. Work with W. hancrofti and Mansonella o- 
cardi could be enhanced considerably. Studies on vector ology 
showed the usefulness of American species of deerflies for 
transmission of Lada infection and that local species of blackflies. 
Simulium spp.. were not infected with Onchocerca volvulus 
This was due i the presence of tecth in the mouthparts of these 
fhes which damage ingested microfilanae 


PROGRESS IN PRIORITY AREAS 


Vector bioloe, 


Ongoing studies were directed to tsolation and characteriza- 
vion of antigens shared between Schistosoma manson anid its 
imermediate host, Biomphalaria glabrata. These antigens are 
being tested for their potential as ummunodiagnostic reagents 
and as vaccines. Use of heterospecific and monospecific 
(monoclonal) antibody probes have revealed a high degree of 
antigenic similarity between schistosome larvac (miracidia and 
sporocysts) and the snail (scrum and hemocyics). 

Work has continued on evaluation of the geographic distribu- 
tion and snail host-parasite relationships of Asian schistosomes 
which infect man and animals: these include S. mekongi. S. 
japonicum, and S$. malavensis. The genus Tricula transmits S. 
mekongi and the closely related genus Robertsiclla transmits the 
Malaysian schistosome. S. malavensis. In a collaborative study 
between American and Chinese scientists in Yunnan Province 
in China, « was shown that Tricu/a snails occur extensively in 
northern Burma. China, and into the Mekong River area. These 
findings have special relevance to understanding the ecological 
divergence of oncomelanid and triculid snails 


Parasite noloe, and hochemistrs 


Attention was focused on integumentary surface phenomena 
in male and female schistosomes. Female worms obtain glucose 
from their male partners and they draw upon the glycogen 
reserves of males. Thus, the male functions not only tor 
reproduction but helps buffer the female from certain nutritional 
stresses by providing an optimal mucracnvironment for the mate 
These data help explain why females are unable to develop and 
reach maturity in the absence of males 

A number of studies were directed to polation and 
characterization of schistosome protems and proteolytic en 
zymes. Proteolytic enzymes of S. mansoni eggs are boing studied 
to determine their role in the movement of eggs through tissucs 
and ther stumulation of host immune responses and granuloma 
formation. A large number of hybridoma cell lines were cloned 
which produce monoclonal antibodies and recognize a wide 
variety of epitopes from S$. manson and S. japonicum egg an- 
tigens. Testing of some monoclonals m enzyme-linked im 
munosorbent assays (ELISA) indicated the potential yield of 
highly specific and sensitive mmunadiagnostic procedures 
Other studies identified the species-specific and gender-specific 
protems of S. mansoni, S. japonicum, and S. haematobium. The 
immunoreactivity of these protems was characterized by use 
of sera of infected hosts and with monoclonal antibodies. These 
studies should help develop probes (purified schistosomal pro- 
teins and monoclonal antibodies) useful for identification of the 
antigen and antigen/antibody complexes associated with 
granulomas and glomerular nephritis in infected mice. Drug 
development for use against schistosomes ts in progress. Phar 
macologic differences between longitudinal and circular muscles 
of these parasites are being cxamined which may be usetul as 
targets for antischistosomal drugs. The calcium regulatory pro- 
tein, calmodulin, ts important for schistosomes. Inhibition of 
its acon by potential chemotherapeutic agents may suggest new 
agents for drug therapy 








Immunity, immunopathology, and immunoregulation 


The complexity of cell interactions that take place during the 
chronic inflammatory process of schistosomiasis is under study 
by a number of investigators. In addition to the role of lympho- 
cytes. macrophages and mast cells as well as lymphocytes may 
play an accessory regulatory role in the inflammatory and 
reparatory process in the schistosome egg granuloma. Develop- 
ment of schistosome egg antigen-specific T cell clones was a 
major advance in the continued evaluation of the im- 
munopathogenesis and ammunoregulation of S$. mansoni ege- 
induced granulomas. These clones respond specifically to 
schistosome egg antigen by undergomg blastogenesis. by pro- 
ducing local delayed type hypersensitivity reactions. by pro- 
ducing various lymphokines. and initiating the generation of 
granulomas in vitro. The role of the granulomatous inflamma- 
tion clicited by schistosome cggs in hepatic fibrogenesis ts be- 
ing cxamuned. Findings provide strong circumstantial evidence 
that hepatic fibrosis in schistosomiasis, characterized by 
peripheral fibrosis, vascular smooth muscle hyperplasia, and 
endothelial proliferation results from biologically active 
molecules elaborated by cells in the granulomas. Not only are 
these studies relevant for schistosomiasis, but they provide a 
model which may explain the pathogcaesis of tissue fibrosis in 
other diseases associated with chronic inflammation, including 
lymphatic filariasis 

Several investigators are studying immunity against challenge 
infection by S$. mansoni cercariac after initial infection of 
previous exposure to highly irradiated cercariac. With irradiated 
cercariae i appears that development of protection correlates 
with delayed type hypersensitivity to schistosomal antigens. but 
nt with antigen-induced blastogenesis or anti-schistosomal an- 
tibody responses. In baboons. the use of irradiated cercariac 
results in a reduction in the size of hepatic and intestinal ege- 
focussed granulomas. 

A field study with S$. japonicum intection dealt with a long- 
term longitudinal scroepidennological analysis of infection in 
clementary school children in several endemic arcas on Leyte. 
the Philippines. The development of sensitive scrodiagnostic 
procedures showed that diagnosis only by multiple stool ex- 
anmunations will considerably underestimate the truc incidence 
of infection. These studies provided data showing no evidence 
from mmmunologic studies that implementation of an integrated 
control program resulted im reduction of transmission of 
schistosomiasis during the period under stady 


Filariasis 


Advances made in filarial research in humans and animals 
since the advent of the U.S. Japan Cooperative Medical Science 
Program have been cnormous. Fifteen years ago, few in- 
vestigators worked with experimental filariasis. The species of 
parasites under study were generally limited to such animal 
species as Dirofilaria immitis, Litmosoides carinii and initial 
work with Brugia pahangi in cats and primates. Development 
of a variety of animal models as hosts for human and zoonotic 
filariae served as an effective catalyst which has now extended 
the ficld to include work on immunology. pathology, and 
chemotherapy. Various rodents and the ferret are used for 
studying lymphatic filarial infections; various non-human 
primates are excellent hosts for Wuchereria bancrofti and species 
of the genera Dipetalonema and Mansonella. Although there 


is no suitable small laboratory animal host for Onchocerca 
volvulus, other species of Onchocerca which occur in 
domesticated animals are proving useful during the search for 
a suitable host for O. volvulus. 

Investigations on schistosomiasis prospered because of the 
ready availability of immunologically well-defined laboratory 
animal hosts for these infections. Only recently have such 
laboratory animal hosts been developed for filarial studies. With 
the advent of these laboratory models and the entry of new in- 
vestigators into the field. the prospects for great progress in the 
better understanding of filarial infections are excellent. Ex- 
amples of recent findings which enhanced filarial research are 
the development of cryopreservation methodologies for 
mucrofilariac, larval stages. and adult worms. Various species 
of Brugia and Dirofilaria, which possess individual 
characteristics and peculiarities. have been successfully 
cryopreserved for extended periods either as microfilaniae or 
larval stages within the arthropod vectors. This contribution 
served directly from Panel-sponsored contract research. 


Vector and filarial biology 


Vector studies in Guatemala. Panama. and Colombia showed 
that there is a potential hazard for extension of onchocerciasis 
and mansoncllosis in new geographic arcas duc to exposure of 
greater numbers of persons through new road or land develop- 
ment projects. Fortunately. new rearing and maintenance tech- 
migucs and renewed interest in vector-parasite interactions 
resulted in a resurgence of vector studies im filariasis. 
leishmaniasis, and other arthropod-transmitted diseases. This 
work includes biochemical genetics and evaluation of cell 
responses and cellular defense mechanisms in both filaria- 
susceptible and filaria-resistant mosquitoes. In addition to mos- 
quito and blackfly susceptibility, culicoid susceptibility is be- 
ing cxamined with use of isoenzyme analysis and other 
techniques. 

Studies of Dirofilarca immitis and its development in species 
of Aedes and Anopheles have tocussed on the physiological, 
ultrastructural, and biochemical analyses of iscter: in the in- 
sect host ceils which determine susceptibility to infection and 
the effects of infection on the Malphigian tubvies of the mos- 
quito. The transport physiology of the infected tubules is 
markedly affected in Aedes but not in Anopheles which has 
significance with respect to transmission potentials. There may 
be broader applications since a detailed ultrastructural study of 
mosquito osmorcgulatory organs is being conducted. Relevant 
findings may indicate the need to evaluate the ecology of various 
mosquito species. Whether microfilariac can develop within a 
mosquito may be determined by the ability of microfilariae to 
avon’ and/or inhibit the vector’s immune response. Possibly, 
microfilariac avotds the vector reaction by being coated with 
host antigens during midgut penetration in appropriate vectors. 
The peritrophic appears not to function as a barrier to migra- 
thon of microfilariae out of the mosquito stomach. In a related 
study. it was shown that the peritrophic membrane and midgut 
epithelium of culicoids are not barriers to Dipetalonema and 
Mansonella microfilarial migration out of the midgut. 

Brugia pahangi intection was established in rats and mice 
Subcutancous and intraperitoneal infection routes were suc- 
cessful in nude mice. The thymus dependence of B. pahangi 
was established. Infections in inbred apd neonate mice show 
that immune reyection of adult and microfilarial stages depends 
on presence of T cell populations. Despite the success with 
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Pancl-sponsored activities during most of the current 5-year 
peniod were limited to the original programmiatyec subject arcas 
of schistosomiasis and filariasis. Future activitics will be 
expanded. Revision of pancl guidelines in 1983 and 1984 to in 
clude malaria and other vector-borne parassic discases will pro 
vide grcatcr opportunities for more rapid application of ncw 
technological developments. These parasitic discases often share 
common cepiddcnuologic. coologic. and pathogenic trarts 

Ihe strrking advances over the past several years im malaria 
research herald the realistic possibility of a vaccine usctul for 
prevertion. Use of molecular ological technagucs found heiptul 
m malaria rescarch should find applicatron for filariasis 
xhittosomuasss. and other vector-borne discascs. Pancl 
sponsored rescarch. contract activities. and tree micrchange at 
annual poumt mectings has promoted rapid cxachange of infor 
mation. thereby cnhancing the chance tor beticr guidelines for 
control of such discases. There ms need for the continucd cn 
ouragemenm and support provided by a rcady source of 
whistiosome. tilarnal parasites. and vectors for pancl m 
veMigators. Also to be encouraged ts the sponsorship of targeted 
proyects for development of mmproved rescarch methodologics 
such as the « ryoprescrvatlion of tilarial Parastics and develop 
mem of molluscan cell lines. There were segnificamt advances 
mn development of cflective drugs tor schistosomiasis. Now there 
ns need for such drugs to treat tilarial infections. Promising new 
drugs such as the invermectins need evaluation. The prospects 
how effective treatment tor filarial mtections are cxcellem. Many 
Mrategics apphcabic tor mosquito vector control wall find equal 
uxt for general control of malaria and tilartases. The san ap 
proaches may apply to vectors of lcwhmaniasts and some of 
the tilarial discascs 

Ihe role of the Parasitic Discasecs Panels to successfully ac 


compinh scrcntific advances mm these gkehally snmportant. vector 


borne parasitic discascs should be significant and stimulating 
Collaborative efforts of the Pancls and their respective scicn 
tsts from Japan and the United States should provide con 
siderable favorable progress mm those many health problems 
caused by these parasitic discases. The next 5-year report might 
well record the effective control of one or more of thes 
devastating discases. This ts a realistic possibility 





Tropicorbis fieldi, an intermediate host found naturally infected 
with §. Mansoni in Brazil 
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Joint Scientific Conferences 


PARASITIC DISEASES PANEL 


Date: July 29-August 2. 1980 


Place: Tsukuba. Japan 

Summary. The |Sth Jou Conference of the Pancls on Parasitic 
Diseases was attended by approximately 100 participants. |! 
of them from the United States. Thirty-five papers were 
presented on various aspects of schistosomuasis and filariasis. 
including two mini-symposia on the topics of protective mmuni- 
ty in schistosome infections and onchocerciasis research and 
control im Latin America. A highlight of the meeting was the 
participation by two representatives from the People's Republic 
of China, Dr. Zhong Huci-Lan and Dr. Ho Lian-Yin. Dr. 
Zhong. Director of the Beijing Tropical Medicine Research In- 
stitute. summarized the present situation of filariasis in China 
and also showed a film on the control and chemotherapy of 
filariasis in his country. 


Date: July 13-15, 1981 


Place: Bethesda, Maryland 

Summary. More than SO participants, 9 of them from Japan. 
participated in the 16th Joint Conference of the Panels on 
Parasitic Diseases. A total of 38 papers in the program arcas 
of schistosomiasis and filar:asis were presented. A highlight of 
the meeting was a mini-s}mposium on schistosome chemo- 
therapy. Eight investigators summarized the progress that is 
being made in the development of new antischistosomal com- 
pounds which may be effective against more than one species 
of schistosome and can be administered in a highly desirable 


dosage regimen 


Date: August 22-25, 1982 


Place: Kumamoto, Japan 


Summary. The 27th Joi Conference of the Pancls on Parasitic 
Diseases was attended by more than 70 participants, including 
7 scientists from the United States. A total of 34 papers on 
various aspects of schistosomiasis and filariasis research were 
presented, including a series of papers on various aspects of 
onchocerciasis research in Guatemala relating to the im- 
munodiagnosis of infection, control, chemotherapy. and the 


identification of immune complexes and their role in humoral 
and cell-mediated suppression 


Date. July 18-19, 1983 


Place. Bethesda, Maryland 

Summary: Rather than the traditional meeting of the Joint 
Panels on Parasitic Diseases the Joint Commitice of the U_S.. 
Japan Cooperative Medial Science Program and the 
Microbiology and Infectious Diseases Program of the National 
Institute of Allergy and Infectious Diseases of the National In- 
stitutes of Health sponsored a parasitic diseases Symposium on 
Currem and Unresolved Problems in Parasitic Diseases. Ap- 
proximately 40 invited participants, of equal numbers from 
Japan and the United States. as well as numerous parastologists 
and tropical medicine specialists from the Washington area at- 
tended the conference. Dr. Manabu Sasa. a member of the 
Japanese Delegation and the first Chairman of the Japanese 
Panel on Parasitic Diseases. presented the keynote address on 
‘Tropical parasitic diseases: their importance as public health 
problems in tropical countries, and the need for basic studies 
in their control and treatment.” Topics presented covered many 
of the current tropical disease problems existent in the world 
including leishmaniases, American and African trypanoso- 
miases, giardiasis, amebiasis. and parasites associated with the 
acquired immune deficiency syndrome (AIDS) — Pnewnocystis 
carinii, Cryptosporidium and Strongyloides stercoralis. Dr. H 
Hirumi of the International Laboratory for Research on Animal 
Diseases in Nairobi, Kenya, summarized his work on the in 
vwiro cultivation of Afncan trypanosomes. There were summary 
presentations on schistosomiasis and filariasis 


Date. August 21-24, 1984 


Place: Tokyo, Japan 

Summary. More than 100 participants, 10 of them from the 
United States, attended the 19th Jownt Conference of the Panels 
on Parasitic Diseases. Thirty-six papers were presented on 
various aspects of filariasis, schistosomiasis, malaria, and vec- 
tor biology. One afternoon session was devoted to a major sym- 
posium on the biology and control of vectors of lymphatic 
filariasis, onchocerciasis, malaria, and schistosomiasis 
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Japanese Tuberculosis Panel 


BROAD GOALS 


The basic character of the Tuberculosis Panel and guidelines 
for its activities were discussed and accepted at the Joint Panel 
Meeting in October 1965 at the start of the U.S.-Japan 
Cooperative Medical Science Program. Since then, studies on 
the mechanism of immunity and allergy in tuberculosis have 
been the key subjects of research activity of the panel. The scope 
of the panel's research activiuies was expanded during these 20 
years and is summarized as follows: 


© Biology of mycobacteria 

© Purification and properties of biologically active 
constituents of mycobacteria 

© Pathogenesis of tuberculosis and atypical 
mycobacteriosis 

© Studies on the mechanism of immunity in 
tuberculosis 

© Studies on the mechanism of delayed-type hypersen- 
sitivity in tuberculosis 

© Immunogenetical studies on the immunity and 
allergy in tuberculosis 

© Studies on the influences of the constituents of 
mycobacteria on the diseases other than tuberculosis 

© Basic studies in cellular immunology in relation to 
tuberculosis 


These studies were conducted under close collaboration with 
members of the United States and Japanese Tuberculosis Panels. 


RESEARCH ACTIVITIES DURING THESE 
FIVE YEARS 


Biology of Mycobacteria 


Element analyses of the fine structure of mycobacteria were 
performed with the analytical electron microscope. Electron 
dense granules were found to contain high concentrations of 
phosphorus and potassium. Spheroplast forniation and rever- 
sion to the bacillary form of mycobacteria were observed with 
electron microscope. 

Resistance mechanisms to anti-tuberculosis drugs of 
mycobacteria, especially resistance due to enzymatic inactiva- 
tion of drugs, were studied. Isoniazid-hydrolytic enzyme of 
Mycobacterium smegmatis and inactivating enzyme(s) of M. for- 
tuitum tor aminoglycoside- and peptide-antibiotics were 


reported. 


Chemical Constituents of Mycobacteria and Their 
Biological Activities 


Efforts to purify tuberculin active antigens continued. Routine 
procedures for protein purification, such as ammonium sulfate 


factionation, gel filtration, 1on exchange chromatography and 
high performance liquid chromatography. were not effective 
in producing homog=neous tuberculin preparations with higher 
specific activity than PPD. 

Protein antigens. designated as MPB-70 and -80 respectively. 
were found in culture filtrates of M. bovis. but not in culture 
filtrates of M. tuberculosis. These antigens clicited delayed-type 
skin reaction by guinea pigs sensitized with M. bovis but not 
by animals sensitized with M. maberculosis. These results sug- 
gest the possibility that a specific tuberculin antigen could be 
used to differentiate BCG-sensitized people from those infected 
with human tubercle bacilli. 

A new glycolipid, which existed in strain H37Rv. a virulent 
strain of M. tuberculosis, but not in an avirulent H37Ra strain, 
was found and purified to homogeneity. The chemical struc- 
ture was determined as polyacylated trehalose. This glycolipid 
was devoid of lethal toxicity to mice. 

The molecular distribution of mycolic acids, high molecular 
alpha-branched-beta-hydroxy fatty acids characteristic for 
mycobacteria, nocardia and corynebacteria, was analyzed with 
GC-MS. Each bacterial species showed a characteristic distribu- 
tion pattern for mycolic acid molecules. Furthermore, the 
molecular distribution of mycolic acids changed according to 
the growth temperature of bacilli in a characteristic way for 
respective bacilli; some bacterial species increased the propor- 
tion of longer chain molecular species and others increased the 
proportion of more unsaturated molecular species when grown 
at lower tempertures. 


Pathogenesis of Tuberculosis 


Pathogenesis of tuberculosis was investigated at cellular and 
subcellular levels. Electron microscopic observation of the lung 
of mice infected with virulent tubercle bacilli revealed that tuber- 
cle bacilli phagocytosed by macrophages existed within 
phagosomes in close contact with the phagosomal membrane. 
Such interaction between phagosomal membrane and tubercle 
bacilli activated phospholipase of phagocyte and/or tubercle 
bacilli and induced the damage of phagosomal membranes and 
the liberation of free fatty acids. These events might have signifi- 
camt meaning for the outcome of tuberculosis infections. To 
clarify the mode of interaction between phagosomal membrane 
and tubercle bacilli, analyses with artificial liposome were also 
carried out. 

Immunological studies were continued to clarify the 
mechanism of granuloma formation which is the most 
characteristic pathohistological feature of tuberculosis. Con- 
genitally athymic nude mice, when infected with avirulent BCG, 
allowed abundant proliferation of the bacilli within tissues, but 
granuloma formation was very limited. Passive transfer of sen- 
sitized T-lymphocytes from normal syngenic mice to such BCG- 
infected nude mice enhanced granuloma formation. These ef- 
fective T-lymphocytes were Lyt 1* 2— cells and their H-2 | 
region should be compatible with that of the recipient animal. 
As for the granuloma formation induced by the intravenous in- 
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jection of BCG-C WS or MDP plus PPD, inbred strains of mice 
were classified into high- and low-responder strains. Mechanism 
of low responsiveness was found to be due to the low ability 
iN antigen presentation of the macrophages of low responder 
muce. Strain difference in granuloma formation was parallel with 
the strain difference in ability to acquire immunity against tuber- 
culosis infection. But strain difference did not correlate with 
the degree of development of delayed-type hypersensitivity. 

The immunological mechanism for cavity formation was 
analyzed by imjecting lymphokine together with BCG-CWS 
directly into the rabbit lung. The lymphokine induced the ac- 
cumulation and activation of macrophages within lung tissuc. 
and lysosomal enzymes released from such activated 
macrophages caused necrosis and liquefaction of surrounding 
tissue. A proteolytic enzyme which was responsible for such 
tissue destruction was partially purified and characterized en- 
zymologically. The apo-protein portion of a lipoprotein isolated 
from mycobacteria, presumably the antigen for cavity forma- 
tion, required an adjuvant such as Byy-MDP. to induce cavity 
formation. 


Mechanism of Immunity in Tuberculosis 


The immune mechanism in tuberculosis can be schematically 
outlined as follows: 


© Phagocytosis and digestion of tubercle bacilli by 
macrophages 

© Antigen presentation by macrophages to 
T-lymphocytes 

© Sensitization of T-lymphocytes 

© Lymphokine production by sensitized T-lymphocytes 
in reaction with the specific antigen 

® Mobilization and activation of macrophages by 
lymphokine 

© Enhanced phagocytosis and killing of tubercle 
bacilli by activated macrophages. 


The respective roles of the immune competent cells and the 
interaction between these cells were analyzed in detail. 


Role of macrophages and their activation 


Neonatal thymectomy had little influence in immunity against 
Listeria infection, but seriously decreased the immunity against 
infection with tubercle bacilli. In the case of Listeria infection. 
the so-called **primitive T-cell response”’ had a significant role 
in protecting the host from the infection. For immunity against 
tuberculosis infection, much more potent activation of 
macrophages was required. 

Macrophages can be activated by various types of stimulants. 
In case of activation of MDP, the cooperation of T-lymphocytes 
was not required. Biochemical mechanism of macrophage ac- 
tivation was studied in relation to arachidonic acid metabolism 
of macrophages. It was clarified that calcium-ionophore, which 
has the ability to activate macrophages. and formy!-methiony!- 
leucyl-phenylalanine, which has chemotactic ability for 
macrophages, stimulated different pathways of phospholipid 
metabolism, respectively. 

Using monoclonal antibody techniques for the analyses of sur- 
face markers, macrophages, which developed according to their 
origin, stage of differentiation, or degree of activation, were 
carried out. Resident peritoneal macrophages, those induced 
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with pyran, corynebacteria. thioglycolate or peptone, and 
alveolar macrophages showed different patterns of surface an- 
tigens. Asialo GM,. a marker of activated macrophages. was 
detected only on the corynebacteria-induced cells among 
peritoneal macrophages. but it was always detected on alveolar 
macrophages. even on the resident ones. As markers for dif- 
ferentiation, 5°-nucleotidase. leucine-aminopeptidase. and 
alkaline phosphatase were also useful. The receptor for the ac- 
tivating factor for macrophages of mice was shown to contain 
D-mannose. 

The steps of maturation from precursor cells to mature 
macrophages were analyzed with established cell line. M, cells. 
that originated from mouse myelitic leukemia cell. When 
development of Fc receptor and phagocytosis activity were used 
as markers of matured macrophages. lymphokine complex ob- 
tained by the stimulation with Con A or specific antigen induced 
the maturation of M, cells. Purified MIF/MAF had no such 
activity. Purified MIF/MAF induced matured macrophages to 
produce maturation (differentiation) enhancing factor for M, 
cells. Thus purified MIF/MAF could indirectly stimulate the 
maturation (differentiation) of immature macrophages. 

In relation to human pulmonary diseases. the function of 
macrophages obtained from bronchoalveolar lavages was com- 
pared. When the development of IgG-Fc receptor, rosetie- 
formation mediated by C,- receptor and phagocytosis activity 
were used as markers of activation, macrophages obtained from 
healthy people or from healthy lungs of patients showed very 
low activities. Those obtained from lungs of persons suffering 
from tuberculosis, berillium lung. or sarcoidosis showed 
remarkedly enhanced activities. 


Antigen presentation by macrophages 


At the induction-phase of immunity. macrophages present an- 
tigenic stimulation to lymphocytes. To analyze the antigen- 
presentation activity of macrophages in detail, cell-lines of 
antigen-presenting cells (accesssory cells) were established. 
Three lines of such cells were obtained by transforming guinea 
pig peritoneal macrophages or bone marrow cells with SV 4 
or EB virus. These established cell lines were all adherent and 
phagocytic, but were different from ordinary peritoncal 
macrophages in that they lacked Fe- and C,-receptors. 

Antigen-presenting activity of macrophages was examined by 
the lymphocyte-proliferation reaction with TNP as antigen. 
Spleen adherent cells showed the highest and peritoncal 
macrophages showed moderate activity. Alveolar macrophages 
not only had little activity but also suppressed the antigen- 
presenting activity of spleen adherent cells. 


T-lymphocytes 


Studies on T-lymphocyte are summarized in the next section. 


Mechanism of Delayed-Type Hypersensitivity 


Studies with cloned T-lymphocyte cell line 

A colony of PPD-specific T-lymphocytes, which was formed 
in soft agar from lymph-node cells of PPD-sensitized mouse 
(BALB/c), was expanded in the presence of T-cell growth fac- 
tor (TCGF). A PPD-specific T-lymphocyte clone (BP-3) was 
established by subculturing these cells in the presence of PPD 
and antigen-presenting cells. This cloned T-lymphocyte required 
I-A compatible antigen-presenting cells to react with PPD and 





did not produce TCGF by the reaction with PPD. When these 
cloned T-lymphocytes were injected into foot pads of BALB/c 
mice together with PPD, delayed-type foot pad swelling 
developed. Histological features of the foot pad reaction revealed 
remarkable thickening of dermis and abundant infiltration of 
mononuclear cells. This was in accord with those of typical 
delayed-type hypersensitive reactions. When cloned T- 
lymphocyte BP-3 cells and PPD were added to the monolayer 
culture of macrophages infected with Salmonella enteritidis. 
muluplication of Salmonella within macrophages was 
remarkably suppressed. BP-3 cells and PPD also inhibited in- 
tracellular muluplication of BCG. These results clearly 
demonstrated that the T-lymphocyte responsible for delayed- 
type hypersensitive reaction was identical with that responsi- 
ble for cellular immunity to protect against infection 

The helper function for antibody synthesis of PPD-specific 
T-lymphocytes was analyzed with established PPD-specific 
cloned T-lymphocytes. Three types of clones were obtained. 
namely. clones which acted only in cognante interaction bet- 
ween B- and T-lymphocytes, those which acted only as helper 
T-lymphocytes by producing factor(s). and those which had both 
functions. All three types of clones produced T-lymphocyte 
growth factor in their culture supernatants when cultured with 
PPD and antigen-presenting cells. Only the latter two types of 
clones could produce B-lymphocyte growth factor and 
B-lymphocyte differentiation factor. Furthermore, cloned 
T-lymphocytes produced T-lymphocyte growth factor and 
B-lymphocyte differentiation factor very strongly by the stimula- 
tion either with PPD and antigen-presenting cells or with Con 
A. Con A_ stimulation induced weaker production of 
B-lymphocyte growth factor than PPD stimulation. 


Dynamics of T-lymphocytes in human tuberculosis 


In one study PPD-specific T-lymphocytes were climinated 
from peripheral blood lymphocytes from a tuberculosis patient 
by S-deoxyuridine treatment, PPD-stimulation and light irradia- 
tion. The remaining cell population was added with X-irradiated 
peripheral blood lymphocytes from the same patient. 
“H-thymidine uptake and the numbcr of autologous rosetic 
forming T-lymphocytes were increased by stimulation with 
PPD. These results suggested the occurrence of T-lymphocyte 
transstimulation. Essentially the same phenomenon was ob- 
served in mice. 

T-lymphocytes of tuberculosis patients were analyzed with 
monoclonal antibodies of the OKT series. Lymphocytes in 
pleural effluent of tuberculosis pleurisy patients were mostly 
T-lymphocytes of the OKT-4 cell (inducer/helper) type, by con- 
trast, lymphocytes in peripheral blood of the same patients had 
a significantly higher proportion of OKT-8 cells (supressor/ 
killer) than those of the healthy human control and those of 
tuberculosis patients without the complication of pleurisy. By 
stimulating with PPD, lymphocytes from pleural effluent in- 
creased OKT-4 cells, but those from peripheral blood increased 
OKT-8 cells. 

PPD-reactive T-lymphocytes were demonstrated in cord blood 
of newborn babies from tuberculin-positive mothers. This sug- 
gests the possibility of passive transfer of cellular immunity from 
mother to baby. 

When lymphocytes from tuberculosis patients were stimulated 
in vitro with PPD or a nonspecific mitogen, such as Con A and 
PHA, the number of Tac-positive cells increased. The peak was 


on the 6th day in the case of PPD and the 2nd day with Con 
A and PHA. The increase in the number of Tac-positive cells 
paralleled the increase of SH-thy muidine uptake. Hydrocortisone 
did not influence these reactions. but cyclosporin A suppressed 
them. Lymphocytes stimulated wah PPD im the presence of 
hydrocortisone absorbed IL-2. Those stimulated wth PPD im the 
the presence of cyclosporin A did not. Furthermore. PPD- 
stimulation in the presence of IL-2 and hydrocortisone induced 
proliferation of lymphocytes; PPD-stimulation im the presence 
of IL-2 and cyclosporin A did not induce proliferation. These 
results showed that hydrocortisone suppressed the development 
of IL-2 receptor on T-lymphocytes. When la antigen positive. 
IL-2 dependent T-lymphocytes combined with PPD were used 
as the antigen-presenting cells. the number of Tac-positive cells 
of tuberculosis patients increased. They did not show any pro- 
liferation. These results indicated that PPD and la stimulation 
were sufficient to induce Tac-antigen on PPD-specific T- 
lymphocytes, but IL-1 and IL-2 were not required 


Suppressor-macrophages 

When mice were previously imyected intravencously with large 
amounts of killed BCG, development of delayed-type hypersen- 
sitive reaction with PPD was suppressed. Such suppression was 
due to induction of suppressor cells, and was antigen-nonspecific 
and not restricted by the H-2 complex. This suppression was 
dependent on macrophages. and abolished by the treatment with 
indomethacin. Such suppressor cells resided originally in bone 
marrow and were released into peripheral tissues by the in- 
travenous injection of large amounts of killed BCG. 


Purific... on of lymphokine and its mode of action 


Among the various lynaphokines produced by PPD-reactive 
T-lymphocytes in reaction with PPD, macrophage migration in- 
hibitory factor (MIF) was purified by affinity chromatography 
prepared with anti-MIF antibody. MIF obtained from guinea 
pig was shown to be a protein with a molecular weight of about 
35,000. Its pl was 5.0-5.5. 

The activities of MIF and MAF on macrophages were not 
augmented by addition of cAMP and cGMP. They were 
enhanced by the addition of calcium ionophore. 

Tissue distribution of cells responsible for transferring PPD 
sensitivity, MIF-producing cells and LIF-producing cells, dif- 
fered when these cells were passively transferred to sensitized 
animals. The result indicated that these functions were expressed 
by distinct cell populations 


Adjuvant active “#hsiances 


Adjuvzat activity of tubercle bacilli to induce delayed-type 
hypersensitivity was found to be localized in the cell wall of 
bacill.. It was found that the minimal structural unit for adju- 
vay, activity was muramyl!-L-alany!-D-isoglutamine. Various 
s/cuctural analogues were chemically synthesized and the rela- 
tion between their chemical structure and adjuvant and anti- 
tumor activities were compared. Potent adjuvant activity oc- 
curred in the MDP analog where L-alanine was replaced with 
L-valine and in MDP derivatives when 6-OH of muramic acid 
was substituted with the acyl- or quinonyl-group. MDP and its 
analogues had direct macrophage activating activity, anti-tumor 
activity, and arthritis-inducing activity. These activities were 
compared in relation to their adjuvant activity. 
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Immunogenetical Studies on the 
Immunity and Allergy in Tuberculosis 


Genetic control of the responsiveness for the delayed-type 
hypersensitivity was analyzed with various imbred strains of 
mice. F, animals between high-responder and low -responder 
strain of mice were sensitized with BCG. Their T-lymphocytes 
were stimulated in vitro with PPD. When macrophages obtain- 
ed from high-responder were added to the culture. *H-thy midine 
uptake of T-lymphocytes increased significantly. Macrophages 
from low-responder could not enhance the uptake. This sug- 
gesed that the mechanism of low-responsiveness was duc to 
the low antigen-presenting ability of macrophages of iow- 
responder mice. Further. PPD-specific suppressor T- 
lymphocytes were induced in witro when spleen cells of low- 
responder mice were cultured wath PPD in the presence of I- 
J* positive adherent cells. Such induction of suppressor cells 
was much more significant in low-responder than in high- 
responder mice. Similar strain-differences were observed in the 
delayed-type hypersensitive reaction with methylated human 
scrum albumin as the antigen 

Strain differences were also observed in granuioma-formation 
induced by intravenous injection of mycoloy!-MDP + PPD or 
of BCG-CWS in mice. Inbred straims of mice were classified 
imo high- and low-responder stramms. Strain difference im the 
granuloma-formation correlated with the strain difference im the 
acquired resistance against tuberculosis infection. They did not 
correlate with the degree of delayed-type hypersensitive 
reactions 


Studies on the Influences of Chemical 
Constituents of Tubercle Bacilli on the Diseases 
Other Than Tuberculosis 


The mechanism of anti-tumor activity of BCG or bacterial 
constituents remained unclear. Purified cord factor from BCG 
showed strong anti-tumor activity when used in combination 
with lipopolysaccharide (LPS) isolated from Salmonella. Ef- 
forts to reduce the toxicity of LPS were continued. 

Mechanisms of low-responsiveness to induce killer T- 
lymphocytes against syngeneic tumor cells were evaluated. It 
was found that the induction of killer T-lymphocytes was 
restricted by H-2 D genes. Low-responder animals induced 
alternative effector cells other than killer T-lymphocytes by the 
repeated immunization with target cells. The anti-tumor activity 
of BCG-CWS was due to augurmentation of the latter non- 
specilic effector mechanism. 

DNA preparation isolated from tubercle bacilli showed po- 
tent anti-tumor activity. 6-0-quinony! derivative of MDP showed 
anti-tumor activity 


ACHIEVEMENT OF TUBERCULOSIS PANEL 
DURING THESE 20 YEARS 


Biology of tubercle bacilli, biochemical studies on chemical 
constituents of mycobacteria, and studies on biological ac- 
tivities of chemicai constituents: 


© The chemical structure of cell walls of tubercle bacilli 
was shown to consist of glycolipid and peptidoglycan portion 
The former is arabinogalactan polysaccaride esterified with 
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mycolic acid and the latter 1s N-acetyighucosaminy!-N-glycollyl- 
muram) |-tctrapeptide 

© Very strong adjuvant activity of tubercle bacilli ts 
localized i their cell wall. The minimal structural una for the 
adjuvant activity ts muramyl!l-dipeptide (MDP) 

© Structural analogues of MDP were chemucally synthe- 
sized and thew adjuvant activity and anti-tumor activity cx- 
amined in relation to their chemical structures. These findings 
suggest the possible use of some MDP-analogucs as 
immunomodulators 

© By the imtroduction of GC-MS. the detailed structure 
of mycolic acids. high molecular fatty acids characteristic for 
mycobacteria. was established. Furthermore. 1 was shown that 
a species of mycobacteria contained heterologous molecular 
species of mycolic acids. The distribution of mycolic acids ap- 
pears to be a characteristic of mycobacteria species. especially 
when grown at different temperatures. 

Studies on pathogenesis of tuberculosis: The mechanism 
of granuloma formation was analyzed immunologically. Passive 
transfer experiments with nude mice showed that T-lymphocytes 
of Lyt 1* 2> were important for granuloma formation. The 
H-2 I region of recipient animals and their T-lymphocytes 
should be compatible to enhance granuloma formation. Strain 
differences in granuloma formation appeared to be determined 
genetically 

Studies on the mechanism of immunity and allergy in 
tuberculosis: Twenty years ago littl was known about 
mechanism of immunity and allergy in tuberculosis. It was 
thought that immunity to tuberculosis did not depend upon an- 
tibodies against tubercle bacilli but rather to an unknown cellular 
mechanism. Macrophages were considered to play important 
roles in tuberculosis immunity. Amazing progress on im- 
munologic mechanisms during the last 20 years has considerably 
clarified the mechanism of immunity and allergy in tuberculosis. 
See ‘Mechanism of Immunity in Tuberculosis,’ above. Such 
significamt progress in the modern mmmunologic concepts of 
tuberculosis accrued from work on cellular and hypersensitiv- 
ity reactions. Members of the Tuberculosis Panel contributed 
importantly to this progress 


Roles of T-lymphocytes, classification of 
T-lymphocytes into subsets and their respective 
roles 


The most remarkable achievement in immunology during the 
past 20 years is the clarification of the role of T-lymphocytes 
in immunity and understanding the presence of several subsets 
of T-lymphocytes with differing functions. Recently, i was 
possible to establish cloned T-lymphocyte cell-lines and analyze 
the respective roles of cach subset. It was evident that T- 
lymphocytes played major roles in the development of delayed- 
type hypersensitivity. Those involved in protective im.nunity 
against tubercle bacilli belonged to identical cell populations. 
Thus, a long-conflicting subject on the relationship between im- 
munity and allergy in tuberculosis was conclusively resolved. 


Mechanism of the Activation of Macrophages and 
the Classification of Macrophages According to 
Their Surface Markers 


Activated macrophages showed enhanced phagocytic and 
bacteriocidal activities. They were shown to play very impor- 





tant roles in defense mechanisms of the host against infection 
Mechanisms of the activation of macrophages. especially ac- 
tivation by MDP or lymphokines. were clarified. Further. a 
was shown that macrophages expressed differemt surface 
markers according to their origin. and « became possible to dif- 
ferentiate macrophages according to their surface markers. The 
significance and role of la-antigen on macrophages was studied 
in detail. 

MIF/MAF were highly purified by affinity column 
chromatography with an antibody preparation against MIF 


Immunogenetical Studies in Immunity and Allergy 
in Tuberculosis 


Various inbred strains of mice were sensitized with tubercle 
bacilli. It was found that the high and low responsiveness to 
the delayed sensitivity reaction was genetically controlled. The 
mechanism of low-responsiveness results from the low antigen- 
presenting ability of macrophages of low-responders. Advances 
were made in clarifying genetic controls of granuloma-formation 
and natural resistance against the infection with tubercle bacilli. 

Progress in tuberculosis research during 20 years of the U_S.. 
Japan Cooperative Medical Scrence Program relates directly to 
work of the Tuberculosis Panel Members and the willing 
cooperation between the U.S. and Japanese participants. 

The knowledge obtained from fundamental studies im ex- 
perimental animals, and the dynamic evaluation of human T- 
lymphocytes and macrophages in human mycobacterial and 
atypical mycobacterial infection. now open the way for exten- 
sive study. Such analyses should provide useful information for 
better diagnosis and treatment. Further progress in im- 
munogenctics will enable better methods to determine suscep- 
tibility among risk-groups for tuberculosis or atypical 
mycobacteriosis. 


FUTURE OBJECTIVES 


© To characterize those factor(s) of tubercle bacilli which 
determine host pathogenicity: 

© To purify to homogeneity a specific tuberculin antigen 
which will differentuate M. neberculosis from M_ bovis and other 
atypical mycobacteria: 

© To develop a sensitive and specific scrological test with 
appropriate antigens for the differential diagnosis of 
tuberculosis. 

© To clarify mechanisms of resistance of mycobacteria 
to antittuberculosis drugs and to develop a method to prevent 
emergence of resistant mutants. 

© To further clarify the mechanism of macrophage- 
activation. 

© To analyze surface antigens on macrophages using 
monoclonal antibodies and differentiate subpopulations of 
macrophages by such surface markers. 

© To clarify the mechanism of antigen-presentation of 
macrophages to T-lymphocytes. 

© To analyze the dynamics and roles of respective subsets 
of T-lymphocytes in order to better understand immuriy and 
allergy in tuberculosis; cloned T-lymphocyte cell lines will be 
specifically useful in these studies: 

© To study the dynamics of cach subset of T-lymphocytes 
in human tuberculosis and atypical mycobacteriosis: 

© To study host immunological factors to help determine 
the risk of developing tuberculosis or atypical mycobacteriosis. 

© To clarify those factors which influence delayed-type 
hypersensitive reactions, particularly the contributions of sup- 
pressor T-lymphocytes and/or suppressor macrophages: 

© To purify and characterize the chemical properties of 
lymphokines. Large quantities of pure lymphokine will be 
prepared by the method of cell-fusion or by cell4echnology 
In vivo dynamics and the role of cach component of the lym- 
phokine will be evaluated: 

© To develop practical immunostimulants for tumor im- 
munotherapy derived from tubercle bacilli, and 

© To continuc immunogenctic studies on native resistance 
and acquired immunity against tuberculosis infections 


PROJECTS SUPPORTED BY THE PROGRAM 


Investigator and Institution 


Title 


GRANTS 


T. Tokunaga 
Dep. of Cellular Immunology. 
National Inst. of Health 


L. Toida 
Research Inst. of Tuberculosis, 
Japan Anti-Tuberculosis Association 


K. Saito 
Dep. of Microbiology, Keio Univ. 


Studies on surface antigen on macrophages, on markers of 
activation of macrophages and on anti-tumor activity of 
DNA of tubercle bacilli 


Studies on the mechanism of resistance of mycobacteria 
against anti-tulc ;culous drugs 
Studies on glycolipids of tubercle bacilli 


Studies on the mechanism of immunity in tuberculosis with 
cloned T-lymphocyte cell lines 





Investigator and Institution 


K. Nomoto 


Dep. of Immunology, Medical Inst. of 
Bioregulation. Kyushu Univ. 


1. Azuma 
Inst. of Immunological Sciences, Hokkaido Univ. 


K. Yamamoto 
Inst. of Immunological Sciences, Hokkaido Univ. 


K. Morikawa 
Inst. of Immunological Sciences, Hokkaido Univ. 


K. Fukushi 
Dep. of Bacteriology. Hirosaki Univ. 


T. Hashimoto 
Inst. of Basic Medical Sciences, Univ. of Tsukuba 


K. Kanai 
National Inst. of Health 


S. Oshima 
Chest Disease Research Inst.. Kyoto Univ. 


A. Tanaka 
Dep. of Biochemistry, Shimane Medical Univ. 


S. Kotani 
Dep. of Bacteriology, Dental School, Osaka Univ. 


Y. Yamamura 
National Sanatorium Toneyama Hosp. 


K. Ueda 


Dep. of Veterinary Medicine, The Inst. of Public Health 


T. Yamaga 
Research Inst. for Microbial Diseases, Osaka Univ. 


T. Tsuyuguchi 
Osaka Prefectural Habikino Hosp. 


S. Morikawa 
Dep. of Pathology, Shimane Medical Univ. 


S. Fujimoto 
Dep. of Immunology. Koch ©‘: dical School 


R.M. Nakamura 
Dep. of Cellular Immunology, National Inst. of Health 


1. Yano 


Dep. of Bacteriology, Niigata Univ. 
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Title 
Studies on the cellular immune mechanism in tuberculosis 


Studies on adjuvant-active substances of tubercle bacilli and 
on the anti-tumor activity of MDP-analogues 


Studies on the suppressive mechanism of delayed-type 
hypersensitivity by large amounts of antigen 


Morphological and immunological studies on granuloma 
formation 


Studies on the first structures of mycobacteria 
Studies on anti-tumor activities of cord factor 


Studies on the purification of lymphokines and 
its properties 
Studies on the mechanism of macrophage-activation 


Studies on the pathogenesis of tuberculosis at the cellular 
and subcellular levels 


Studies on the roles of macrophages in immunity in 
tuberculosis 


Studies on the mechanism of macrophage-activation 
by MDP 


Studies on the adjuvant-active substances in bacterial cell 
wall 


Studies on the mechanism in cavity-formation 


Immunological studies on granuloma formation with nude 
mice 


Studies on the mechanism of resistance of mycobacteria 
against anti-tuberculous drugs 

Studies on the genetics of mycobacteria 

Studies on the immunity in tuberculosis in human, 
especially on the dynamics of T-lymphocytes in human 
tuberculosi 


S 


Studies on the suppressive mechanism in delayed-type 
hypersensitivity 


Studies on anti-tumor activity of mycobacterial constituents 

Immunogenetical studies on the immunity and delayed-type 
hypersensitivity 

Studies on mycolic acids of mycobacteria 








Investigator and Institution 


Y. Mizuguch 
Dep. of Microbiology, Univ. of Occupation and 
Environmental Health 


S. Takatsu 
Dep. of Biology. Inst. for Medical Immunology. 
Kyushu Univ. Medical School 


S. Nagai 
Toneyama Inst. for Tuberculosis Research, School of 
Medicine, Osaka City Univ. 


K. Tabata 
Research Inst. of Tuberculosis, Japan Anti-Tuberculosis 
Association 


T. Kataoka 
Dep. of Cellular Immunology, National Inst. of Health 


Title 
Studies on the genetics of mycobacteria 


Studies on PPD-specific T-lymphocytes with cloned cell 


lines 


Studies on tuberculin antigen 


Studies on the mechanism of hepatotoxicity of isoniazid 


Studies on the mechanism of macrophage-activation and on 
the surface markers on macrophages 
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U.S. Tuberculosis Panel 


BROAD GOALS 


Tuberculosis ranks among the foremost of infectious discases 
to afflict mankind. The World Health Organization estimates 
that as many as three million victoms dic of the discasc annually . 
Wah currently available technology for mmmunization (prin- 
cipally with the Bacillus Caimetie-Guerim vaccines). realistic 
prospects of cradicating tuberculosis are meager. Indeed. the 
dismal failure of a recently evaluated BCG vaccmation fickd trial. 
sponsored by WHO in the Chingleput region of South India. 
cheied a concerned reappraisal of the immunization program 
Consequently. a new ambitious and highly sophisticated pro- 
gram on the immunology of tuberculosis was recently launched. 
This reaffirms the original and ongoing commuatment of the US. - 
Japan CMSP to clarify such mechanisms which complements 


other approaches relevant to clucidating the pathogenesis of 


tuberculosis. Throughout the tenure of the U.S. Japan Tuber- 
culosis Programs understanding and manipulation of these two 
phenomena. immunology and pathogenesis. have been the ma- 
jor objectives 


SHORT SUMMARY OF THE FIRST FIFTEEN 
YEARS 


From imeeption of the program m was conceived that 
chemotherapy and climecal research of tuberculosis were recery - 
ing adequate attention. These categories were specifically ex- 
cluded from the panel's committed interests im favor of pursu- 
ing studies of tuberculous immunity (including prevention) and 
pathogenesis. These were conceived as potential guides for 
favorably altering the host immune response. 

For effective ummunity the response of specifically commutied 
lymphocytes to the stimulus of specific antigens results mm the 
production and release of lymphokines. These include migra 
tion inhibiting factor (MIF) and macrophage activating factor 
(MAF), which are recognized by glycolipid receptors on the 
macrophage membrane surface. Similar substances are found 
in sera of BCG-immunized mice when challenged intravenously 
with tuberculin. Interaction of the macrophage membrane sur- 
face with lymphokines stimulates macrophages to an activated 
state so that the intracellular multiplication of M. tuberculosis 
(and non-specifically, of some other microorganisms) is sup- 
pressed. Earlier was shown that these activated macrophages 
are cidal for certam tumor cells 

In vaccine research, subhuman primates were effectively pro- 
tected against acrogemic tuberculosis challenge if vaccinated with 
viable BCG (optimally 10° viable units) by inhalation, or 
acrosolization of droplet nucie: containing a few virulent bacilli 
In the active immunized state, protection is probably expressed 
through suppression of a hematogenous spread onginating from 
the primary lesions. This is prominent in the seedling of the 


subapical regions of the lungs. 


Other studies involve vaccine effectiveness comprising BCG 
cell walls wet wath muncral onl and emulsified mio Tween-saline 
An wumpressive paralicl was drawn between te protective 
behavior of this ““vaccine”’ when myected intravenously mm cx- 
perimental animals and that induced by viable BCG. Extension 
of this concept to treatment of experimental animal tumors 
(which responded favorably to intratumor injection with viable 
BCG) led to the development of very effective anttumor vac- 
cies with non-viable components. Such experimental studies 
and their possible significance were thoroughly discussed im an 
earlier report (1970-75). The therapeutic analysis of the various 
components showed that the attenuated activity of such vaccmes 
which contamed *‘cell wall skelcton.”’ instead of whole BCG 
cell walls could be reinforced to full activity by meoorporating 
the toxic mycobacterial glycolipsd—trehalose-6. 6! -dimycolate. 
imo the vaccine. This glycolipid is known as “‘cord factor” or 
“P3.”° The three terms are synonymous. To study structure- 
activity relations and seck more cconomical substitutes for 
trchalose dimycolate mm such applications, an extensive program 
of synthesis yielded useful lipid amide derivatives of “trehalose 
dicarboxylic acid.” These were consalerably less toxic than cord 
factor but adequately substituted for this glycolupid im select an- 
titumor vaccines. In other studies centering on mycobacterial 
trehalose derivatives, the complete structures of two sulfatides 
of M. tuberculosis were established. They were provocatively 
mphcated a. cowsible contributors to the intracellular survival 
of virulemt wiercle bacilli; hence. they are mvolved in 
pathogenesis of tuberculosis. The sulfatides antagonize 
phagosome lysosome fusion in macrophages—a phenomenon 
which mimics the behavior of the tubercle bacillus itself 

For over a decade the pane! supported extensive efforts to 
produce antigens from M. tuberculosis that would serve as 
specific ““tuberculins” applicable for epidermologic and 
diagnostic studies. The most sophisticated techmques of frac- 
hhonation ata separation of cell extract and culture filtrate com- 
ponents. derived from cultivation of Mycohacterium tuber. 
culosis, yielded only products which cross-reacted with antigens 
from a host of non-tuberculosis mycobacteria. When tested im 
expernmental animals sensitized with these hetcrologous 
mycobacteria they showed considerable cross reactivity. Inter: 
pretation of these reactions is descr ed later 


ADMINISTRATIVE DEVELOPMENTS IN THE 
CURRENT FIVE-YEAR PERIOD 


Since the activities of the U.S. Japan tuberculosis program 
cannot realistically embrace every conceivable aspect of the 
problem, sober assessments at the time of the program's incep- 
tion dictated that the principal efforts targeted at curtailing the 
disease should focus on prevention rather than cure. In 
retrospect, with the possible exceptions of disease attributable 
to the “atypical” (nontuberculosis) mycobacteria, this goal was 
well chosen. om that it brought the supported research efforts 
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imto the mamstream of the prodigsous advances im cellular m- 
munology that evolved during the last decade. This ss altogether 
appropnatc: mycobacteria have been and continuc to be an in- 


dispensable commodity for the mmmunologist. lt was m accord 
with this undemable status therefore. that as onc facet of the 


efforn, the goals of the Tuberculosis Pancls were cxpanded to 


embrace studies on the roles that mycobacterial products might 
play mm tumor ummunology and tumor wmmunothcrapy The mm- 
mediate practical benefits that accrucd from such ventures can- 
not be denied. But clearly the pendulum reached such a high 
arc that other. equally compelling arcas of research. perhaps 
more relevant to tuberculosis. suffered from dilution. and the 
program was im danger of being too grossly diverted and of be- 
mg consumed by its own offspring. 

The precarious status was recognized and a was releved dur- 
img the pervad covered by this report by two mterventions: 
directly on one hand, by a reassessment and reformulation of 
the objectives of the Tuberculosis Panels. and indirectly on the 
other. by the timely and appropriate founding of an additional 

“panel” of the U.S.Japan Cooperative ‘Aedical Science 
Program—the Immunology Board—an action under senous cor 
sideration at the time of the last review and which was approved 
and implemented during the current period. 

As yet another administrat‘ve change the combined United 
States and Japanese Delegations recommended that the activities 
of the Tuberculosis and Leprosy Panels should in the future be 
much more chusely coordinated, although not physically merged. 
This #s a welcomed compromise, a laudable alternative to that 
of combining the two panels. where cfforts as a single unit would 
become diluted and diffuse. Although the two pancls have a 
number of common interests, there are also wnportant dif- 
ferences. On the other hand, the glue which holds the mutual 
imterests together is the fact that M. leprae is a member of the 
same genus (although there are dissenting opimions on this 
pom), and recent studies have already revealed similarities in 
chemical compositions (elaboration by both Mo tuberculosis and 
M. leprae of phthiocerol dimycocerosate, mycolic acids, 
mycoside-like glycolipids, ctc.). These and other common 
imteresis will be shared, and will catalyze and promote the cf- 
forts of the panels im the future. 


PROGRESS IN PRIORITY AREAS 


Tuberculins and Other Antigens 


There were numerous attempts to isolate monospecific an- 
tigens for M. tuberculosis using various physico-chemical pro- 
cedures of high resolving potential. Affinity chromatographic 
procedures using hyperimmune immunoglobulins toward 
various species of mycobacteria substracted numerous com- 
ponents from M. tuberculosis sonicates, specificity mecreased 
only marginally. Chromatography with apparent immobilized 
specific antiserum resulted in fractions which were not 
monospecific. Rocket immunoclectrophoresis (IE) and two 
dimensional IE revealed that the degree of antigenic sharing for 
even distantly related species was considerable (c.g. about 30%). 
This permits better understanding of the cross sensitization in- 
duced by nontuberculosis species to tuberculin im various 
geographic arcas 

In other studies antigen § (US. Japan nomenclature) appeared 
to be a highly specific protein, apparently limited im distribu- 
tion to M. tuberculosis and M_ bovis. lmmunoabsorbent affin- 
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ity chromatography allowed isolation of Ag 5 im a high state 
of purity. ht was extensively characterized. A ficld trial was con- 
ducted m 1.900 subjects m the United States and Argentina in 
which the specificnty of antigen 5. as a tuberculin skin test an- 
tigen. was compared wath tuberculin purified protem derivative 
(PPD). Results of this study showed that antigen 5. used im doses 
which were bioequivaient to intermediate strength PPD. is no 
more specific than PPD in populations with a high prevalence 
of nonspecific PPD reactivity 

Antigen 5 may be suitable for use m cnzyme-linked im- 
muncsorbent assays (ELISA) of scrum IgG antibody. Its use 
for scrodiagnosis has been evaluated m 284 paticnts from 
Bolivia, Argentina, China, and Cleveland and 382 control sub- 
jects from the same arcas. In two groups of patients goometric 
mean tiers ranged from 1:64 to 1:183. In control groups 
geometric mean titers ranged from 1:4 to 1:31. X-ray data, 
where available, suggest that higher titers relate to the extent 
of pulmonary tuberculosis. ELISA studies also provided the op- 
portunity to study sera from 21 patients wath mycobacterial in- 
fections other than tuberculosis. Seven reacted with titers cx- 
ceeding 1:80). which suggests a lack of species specificity. This 
paralicls that observed im skin testing. 

In persons infected with other mycobacteria there ts an ap- 
parent paradox between distribution of antigen 5 to M. tuaber- 
culosis and M. bovis imeractivity to skin test and ELISA 
syMems. Monoclonal antibody studies are bemg used to resolve 
this discrepancy 

Most antigens of mycobacteria are multideterminant and may 
contain. on addition to specific epitopes. some which are shared 
by antigenic molecules of other species. Early monoclonal an- 
tibody studies have provided supportive evidence for this im- 
terpretation. They indicate that antigen 5 contains at least onc 
epitope shared with other mycobacterial antigens. 

In contrast to the intractability of the protem antigens to yield 
specific products. serologically active lipids of various nontuber- 
culosis mycobacteria have umique and very useful specificities 
The M. avium, intracellulare, scrofulaceum (MAIS) comple. 
is distinguished by claborating scrologically specific lipid an- 
tigens, complete structures were obtained in several cases. All 
members have an almost invariant peptido glycolipid core essen- 
tially sdentical with the simple. well known C-mycosides: a fatty 
acy! group amide-linked to a rhamnose-terminated small pep- 
tide, viz, Acyl-D-Phe-D-aThr-D-Ala-L-alol-O-methy! rham- 
nose. Appended to the aThr ts a glycosidically linked acetylated 
deoxytalose to which small (2 or 3 sugars) oligosaccharides are 
attached. These provide the serological specificity. When rab- 
bits are imyected with killed bacilli of a given serovar— 
(developed by the late Werner B. Schaefer )— lipids are presented 
in a configuration adequate to clicit a very good anisnaly 
response Antisera obtained in this way have been explored for 
years im seroagglutination to identify the mmdividual serovars 
Specificity ws conferred by the small oligosaccharides on the 
allo-threonine 

Novel glycolipid antigens, distinct from the C -mycoside type. 
have been isolated and characterized from other ‘‘atypical”’ 
mycobacteria: M. hansasii, M. sculgai, M. xenopi, M. gor- 
donaec, etc. In M. kansasii a core tetrasaccharide terminating 
in trehalose 1s distally substituted with a single rhamnose and 
then with increasing numbers of xylose ynolecules. Specific an- 
tigemicity ts conferred when the oligosaccharide :ncorporates 
both an L-fucose and a novel N-acetylamino deoxy sugar as 
the terminal substitutents. The structure of the amino deoxy 





Sugar was determined and is named **N-acety! kansosamine.”” 
Acyl groups on the tetra saccharide provide the lipid character. 
There is no evidence that these antigenic lipids elicit an antibody 
response in an infected host. However, their serological 
specificity represents a likely powerful tool useful for une- 
quivocal taxonomic identification of a remarkable spectrum of 
mycobacteria. 

The United States Tuberculosis Panel provided major finan- 
cial support for an International Conference on Atypical 
Mycobacteria. The symposium held September 5-8, 1979, at 
the National Jewish Hospital and Research Center/National 
Asthma Center, Denver, Colorado, was dedicated to the 
memory of Dr. Werner B. Schaefer in recognition of his 
outstanding contributions to this field. The entire proceedings 
were published in Reviews of Infectious Disease 3 (5) 813-1114 
(1981), Paul T. Davidson, editor. 


Chemistry of Mycobacteria; Mechanisms in 
Pathogenesis 


Trehalose-containing glycolipids, a hallmark of the CMN 
genera (Corynebacteria, Mycobacteria, Nocardia) received in- 
tense study. Representative lipids are cord factor 
(trchalose-6.6!-dimycolate-** TDM "*): trchalose-6-- 
monomycolate (“TMM”): and the sulfatides (sulfolipids- 
““SL”*), which are relatively restricted to the more virulent 
strains of M. tuberculosis. Biological activities such as adjuvan- 
ticity, granulomagenicity, murine toxicity—of TDM presumably 
depend upon the physical state in which the lipid is presented 
at an oil-aqueous interface or when adsorbed as a monolayer 
on hydrophobic beads. In these forms TDM is described as 
selectively adsorbing fibrinogen in a reactive “‘end-on”™’ fashion, 
with the long axis of the protein perpendicular to the interface. 
This orientation promotes thrombin-mediated release of 
chemotactic fibrinopeptide B. It in turn attracts inflammatory 
cells and results in secretion of more thrombin-like material. 
The combination of inflammatory cells, resistance of the ad- 
sorbed fibrinogen residue to proteolysis or macrophage process- 
ing to granuloma formation and disposition to hemorrhage. all 
represent typical manifestations of cord factor toxicity. 

Trehalose monomycolate has assumed considerable prom- 
inence. After discovery by the Dr. Masahiko Kato its chemical 
structure was achieved in the laboratory of an American col- 
laborator. French colleagues of the late Dr. Zulema Reggiado 
recognized that her serologically active glycolipid (SAG) an- 
tigen A, from BCG is TMM. Natural TMM, synthetic TMM 
and synthetic lower molecular weight analogs (containing cor- 
ynomycolic acid) function equally well in passive hemagglutina- 
tion tests to detect antibodies to TMM. This glycolipid is 
ubiquitous in mycobacteria and is very strong evidence based 
on thin-layer chromatography and u.irared spectrophotometry . 
that TMM or a very closely related substance is elaborated even 
by M. leprae. Other reports which claim presence of trehalose 
dimycolate in M. leprae lipids appear to be premature. M. leprae 
may be a curious exception in possibly not elaborating this im- 
portant glycolipid. TMM, or a very closely related material, 
probably transfers newly synthesized mycolic acid to the grow- 
ing cell wall. It is very satisfying to find this substance, appar- 
ently without exception, among the lipids of this genus. 

Promising new pseudo cord factors and their biologic activities 
have been assessed. Synthetic forms of natural cord factor and 
TMM were developed. The ultimate assessment of stereo- 


chemical requirement for cord factor toxicity was achieved: 
dimycolates of mannose-mannoside and galactose-galactoside 
were synthesized and found to have remarkably attenuated 
mouse toxicity. /n vitro tests show these lipids to attack 
mitochrondrial membranes as effectively as cord factor. They 
disrupt clectron transport along the respiratory chain and abolish 
oxidative phosphorylation. Hence, these processes are probably 
not involved in the expression of cord factor toxicity. 

Intriguing new pathogenic mechanisms for M. tuberculosis 
have been proposed. Virulent organisms prevent phagosome- 
lysosome fusion in macrophages. Recently several electron 
microscopic studies provided intriguing evidence that the more 
virulent strains may also escape the confines of the phagosome. 
possibly by rupturing the membrane. Cells of older, and 
especially those from immunized, animals are notably resistant 
to this phagosomal disruption. 


Mycolic acids and cell wall biosynthesis: mode of action of 
isoniazid 

Recent studies resolved various remaining questions about 
their structures, based on total synthesis of several mycolic 
acids. Other studies with M. tuberculosis H37Ra clarified the 
biosynthetic pathways for elaboration and utilization of these 
remarkable high molecular weight (about 90 carbon atoms) 
substances. The chemical structures of the dicylopropy! 
(a)mycolic acids and those of important C45 to Cee and C4 
to C45 precursors were established. The latter, as unsaturated 
fatty acids, are stringently required for the sequential biosyn- 
thetic reactions; it was found that Isoniazid (INH) inhibited their 
synthesis. Conceivably this represents the site of drug actions. 
Since mycolic acids comprise an important component of the 
mycobacterial cell wall, antagonism of their synthesis ts a lethal 
event. 


Immunology: human tuberculoimmunity; BCG vaccine 


An intriguing method for assessing human tuberculoimmunity 
in vitro is under investigation. It depends on the concept that 
macrophages infected in culture with M. tuberculosis allow 
relatively unrestricted bacillary multiplication unless the 
phagocytic cells are appropriately *‘activated’’ by immune lym- 
phokines. A donor's peripheral blood monocytes and lym- 
phocytes are cultured separately for several days. The former 
develop into macrophages; the latter, if from an *‘immune™’ 
donor and incubated with bacillary antigen, produce immune 
lymphokines. The macruphages are infected with tubercle bacilli 
and divided into cultures incubated with the autologous lym- 
phokines or with supernates as controls. Tuberculoimmunity 
is confirmed by restricted growth and degeneration of the acid 
fast bacilli in the “‘immune"’ supernate cultures as compared 
with the control samples. 

An earlier comment referred to the recent failure of a very 
extensive WHO-sponsored field trial of BCG vaccination in 
South India. Studies in animals are testing various hypotheses 
to explain the results. Guinea pigs infected with tubercle bacilli, 
obtained from sputum of individuals in the Chingleput District, 
gave results which permitted exclusion of the following explana- 
tions: |) that the vaccines were of poor quality; 2) that BCG 
doesn't protect against tubercle bacilli indigenous to the 
Chingleput region; and 3) the trail failure is not explained by 
the thesis that widespread universal infection with environmental 
(atypical) mycobacteria provided a protective effect nearly as 
strong as that of BCG. Despite a virtual saturation level of in- 
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fection with environmental mycobacteria, the Chingleput 
District was selected for the trial because of its very high in- 
cidence of tuberculosis. Under evaluation is the hypothesis that 
exogenous infection or reinfection occurs by chance implanta- 
tion of bacilli in a “*privileged site:"* establishment of a lesion 
in the apical—subapical lung region in the face of an otherwise 
effective cell-mediated immunity. 

In other studies mice immunized by the airborne route with 
Listeria monocytogenes or Mycobacterium bovis BCG were 
more resistant to airborne challenge with the homologous 
organism than mice immunized by the intravenous (1V) or sub- 
cutancous (SC) routes. All groups of mice were equally resis- 
tant to IV or SC challenge. Thus. airborne infection left an 
imprint on the lungs in contrast to other routes of infection. 
Lungs of animals immunized with BCG contained nodules of 
lymphoid cells that possibly confer subsequent resistance to 
homologous infection. This hypothesis was tested by transfer- 
ring lymphocytes isolated from BCG-infected lungs to naive 
mice and challenged with M. tuberculosis. The adoptively 
immunized mice were protected, but it could not be determined 
whether the parenchymatous lymphocytes or the blood lym- 
phocytes trapped in the lung capillaries were responsible. These 
partly inconclusive experiments led to a re-examination of the 
role of macrophages as mycobactericidal cells. Fc. the sake of 
convenience, experiments were performed with peritoneal 
macrophages rather than lung macrophages. Macrophages were 
activated 3 weeks earlier by an intraperitoneal (IP) infection 
with 107 live BCG. The resulting macrophages were highly ac- 
tivated as guaged by morphology and oxidative metabolism. Yet. 
they exhibited no enhanced microbicidal activity in vitro against 
either mycobacterial or Listeria targets. However, in vivo IP 
challenge revealed enhanced (by ten-fold) inactivation of L. 
monocytogenes. There was also rapid, | hour, dill of several 
mycobacterial targets including two virulent strains of M. tuber- 
culosis. One was hydrogen peroxide resistant, the other was 
susceptible. Both were killed equally well. 

These experiments appear to refute the belicf that 
mycobacteria may be intrinsically insensitive to the microbicidal 
mechanisms of even highly activated macrophages. 


Host responses to mycobacterial infection. 


In studies of non-tuberculous mycobacterial infections, mice 
heavily infected with some strains of M. Kansasii or M. avium 
developed persistent infections of the lungs and spleen. The 
cellular defenses quickly became unresponsive to the specific 
mycobacterial antigens, both in vivo and in vitro. This anergic 
state lasts for long periods and appears to coincide with the ap- 
pearance of suppressor cells within the heavily infected spleen. 
Despite the inability of the host to eliminate the infectious 
stimulus from the tissues, the cellular defenses do respond to 
other unrelated antigenic stimuli in vivo. The spleen of the tuber- 
culin unresponsive host is in a hyperactive state, with respect 
to nonreplicating (sheep red blood cells) and replicating (L. 
monocytogenes and M. tuberculosis) antigenic stimuli. Re- 
challenge of these mice with an acriflavin-resistant mutant of 
the homologous organism revealed the presence of a popula- 
tion of specifically sensitized T-cells. Although they were unable 
to bring about a cell-mediated immune response capable of 
eliminating the primary bacterial population from the host 
tissues, they could affect the secondary challenge 

Finally, most of the reduction in mitogenic responsiveness 
observed when spleen cells harvested from the anergic host were 
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exposed to PHA or PPD could be restored by the addition of 
an extrinsic source of the T-cel! growth factor. interleukin-2. 
The IL-2 in the in vitro cultures was apparently absorbed (or 
destroyed) by the highly activated spicen cells also present. This 
arrested the cell division by the antigen-«"imulated T-cells (which 
require IL-2 as a growth factor). Studics continue on the in vive 
role of these cells. 

immunoregulatory mechanisms which underly anergy in 
tuberculosis were investigated using human blood mononuclear 
cell populations and in vitro functional assays. 

Monocytes play a role in health in nonspecific suppression 
of lymphocyte responses to antigens and mitogens. Their sup- 
pressor activity is mediated through production of immunosup- 
pressive prostaglandins, the action of which requires Fe 
receptor-bearing lymphocytes. Exposure of monocytes from 
healthy individuals to tuberculous plasma or mycobacterial D- 
arabino-D-galactan results in heightened production of pros- 
taglandin E> (PGE>) and associated increases In suppressor 
function. A macromolecular suppressive mediator was recently 
identified using a human macrophage-like cell line. This fac- 
tor, molecular weight of 70,000 daltons, interferes with T-cell 
expression of interleukin-2 receptors and production of IL-2. 
Such a molecule could be important in pathophysiological states 
with the property of directly opposing the action of interleukin-1. 

In some patients with tuberculosis, adherent cells depress 
tuberculin induced lymphocyte blastogenesis. This activity oc- 
curs mainly in those with skin test anergy or in vitro hyporespon- 
siveness to tuberculin antigens. Curiously, it is associated with 
monocyte activation. However, monocyte production of PGE> 
is not increased in tuberculosis nor is tumoricidal activity. 
Monocytes from tuberculous patients show altered surface cx- 
pression and modulation of Class I] major histocompatibility 
product antigens (HLA-DR). and increased production of 
interleukin-1. The adherent mononuclear cell responsible for 
suppression has been characterized as a monocyte, its activity 
is radiosensitive. 

Some of the immunoregulatory cellular interactions impor- 
tant in modulating tuberculin reactivity in tuberculosis have been 
clarified. Future studies will be directed to identify the molecular 
mediator of suppression by monocytes and T-cells, particularly 
in relation to the basis of antigen-specificity of suppression. 


Service Contracts 


Serological classification of **Atypical’’ (Nontuberculosis) 
Mycobacteria: This contract is with the National Jewish 
Hospital/ National Asthma Center, Denver, Colorado. The proj- 
ect deals with the so-called “‘atypical mycobacteria,” or more 
preferably non-tuberculosis mycobacteria which are related to 
Mycobacterium tuberculosis. Certain of these organisms Cause 
infections in man and animals which are clinically similar to 
tuberculosis. They are widespread in nature and are frequently 
found in soil, dust, ground water, and in some domestic water 
supplies. Under the auspices of the contract i was earlier 
established that the mycobacteria involved in many human in- 
fections can be subdivided into thirty-one serological varieties. 
Isolates of atypical mycobacteria received from around the world 
are classified (usually by serotyping) as being of a particular 
variety. Data of this sort are useful to epidemiologists attempt- 
ing to determine the sources of these infections. In addition, 
the laboratory supplies materials and reagents to laboratories 
around the world so that they too can perform the tests. Since 
these materials are from a common source, they allow the 
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Joint Scientific Conferences 


TUBERCULOSIS PANEL 


Date: October 6-8. 1980 


Place: Gakushi-kaikan, Tokyo 


Summary: The 1Sth Conference was held October 6-8. 1980 
in Gakushi-kaikan, Tokyo. Eleven delegates participated from 
the U.S. Tuberculosis Panel. There were five sessions and a 
total of 20 papers were presented. The principal subjects 
presented to the Conference were 1) Chemistry and biological 
activities of lipids and glycolipids of mycobacteria, 2) 
Mechanism of granuloma formation, 3) Suppressor T-cell in 
the immunity in tuberculosis, 4) Strain differences im the 
development of delayed-type hypersensitivity. 5) Roles of 
macrophage in the immunity in tuberculosis, 6) Antitumor 
activities of the chemical constituents of mycobacteria. 


Date: November 16-17, 1981 


Place: Bethesda, Maryland 

Summary: The 16th Conference was held November 16-17, 
1981. at the National Institutes of Health in Bethesda, Maryland. 
There were four sessions at which a total of 25 papers were 
presented. The subjects of these sessions were: 1) The struc- 
ture and function of mycobacteria, 2) Immunoregulation in 
tuberculosis and nontuberculous mycobacteria. 3) Biochemistry 
and genetic expression in mycobacteria, and 4) Various frac- 
tions and immune responses in mycobacteria. Stumulating 
discussions followed the presentation of cach paper. 


Date: July 19-21, 1982 


Place: Takebashi-kaikan, Tokyo 

Summary: The 17th Conference was held July 19-21, 1982 
in Takebashi-kaikan, Tokyo. Eight delegates participated from 
the U.S. Tuberculosis Panel. Seven separate sessions evaluated 
the following relevant probiems: 1) Biology of mycobacteria, 
2) Defense mechanism against tuberculosis infection, 3) Host 
response against live BCG, 4) Biologically active constituents 
of mycobacteria, 5) /n vivo and in vitro responses to PPD, 


6) Immunological responses in human tuberculosis, 7) 
Granuloma and immune responses. A total of 24 papers were 


presented. 


Date: August 3-5, 1983 


Place: Bethesda, Maryland 

Summary: The 18th Conference was held August 3-5. 1983. 
at the National Institutes of Health in Bethesda, Maryland. There 
were four sessions held on August 3-4, 1983. at which a total 
of 27 papers were presented. The subjects of these sessions 
were: 1) Cellular and immune mechanisms in mycobacteria. 
2) Pathogenesis, models of immunity and phage of myco- 
bacteria, 3) Immune regulation in mycobacteria and 4) Struc- 
ture, function and antimicrobials of mycobacteria. There was 
a joint symposium between the Tuberculosis and Leprosy Panels 
on August 5, 1983. A total of six papers were presented on the 
immunology of mycobacteria. Active and constructive discus- 
sions followed the presentation of cach paper. 


Date: August 27-31, 1984 


Place: Takebashi-kaikan, Tokyo 

Summary: The 19th Conference was held August 27-31, 1984. 
under the cosponsorship with the Leprosy Panel in Takebashi- 
kaikan, Tokyo. On August 27 and 28. papers by members of 
the Leprosy Panel were presented. On August 29, a joint sym- 
posium was held, and on August 30 and 31, papers from the 
Tuberculosis Panel members were presented. The subject of 
the joint symposium was “‘Immunology in Tuberculosis and 
Leprosy’. Six representative papers were presented from cach 
of the Panels. The Conference on Tuberculosis was organized 
into four separate sessions including: the mechanism of 
suppression, macrophage and infection-protective immunity. 
biology and biologically active substances of mycobacteria, and 
mycobacterial lipids. A total of 23 papers were presented. 
Twelve delegates from the U.S. Tuberculosis Panel attended 
the conference. The joint meeting held with the Leprosy Panel 
resulted in objective and helpful discussions. regarded by 
everyone as productive 





VIRAL DISEASES PANEL 





Drs. Konesuke Faken and Thomas Yull, Chairmen 
reset iy ool thee j iva Discax ‘ Pancl / " Japran ton via retire 
VU dic al \ eth ¢ Pr crear 


Dr. Konosuke Fukai, Chairman (1979-84 Dr. Thomas M. Yuill, Chairman (1/982 Member 1976-80) 
Member 1979-80) Associate Dean for Research and Graduate 

Chairman, Board of Directors Training 

Research Foundation for Microtnal School of Veterinary Medicine 
Diseases of Osaka University University of Wisconsin 

j.] lamadagoaka. Suita-shu 2015 Linden Drive West 

Osaka S68, Japan Madison, Wisconsin 53706 


PANEL MEMBERS 


Japan United States 
Dr. Nobuo Hashimoto (1982- ) Dr. Albert Z. Kaprkian (1978-  ) 
Professor Assisttamt Chict 
Faculty of Vetermary Medicine Laboratory of Infectious Diseases 
Hokkaido University National Institute of Allergy and 
N. 18, W. 9. Kita-ku Infectious Diseases 
Sapporo 060. Japan National Institutes of Health 
Building 7. Room 103 
Dr. Akthiko Kawai (1984- ) Bethesda. Maryland 20205 
Associate Professor 
Instetute for Virus Research Dr. Neal Nathanson (1979- } 
Kyoto University Professor and Chairman 
Shugown Kawaramachi, Sakyo-ku Department of Micromology 
Kyoto 606, Japan School of Medicine 
University of Pennsylvania 

Dr. Tasuke Konno (1980- Philadciptua, Pennsylvama 19174 
Professor 
Department of Pediatrics Dr. Phillip K. Russell (1983- ) 
Research Institute for Tuberculosis Commander 

and Cancer Fitzsimons Army Medical Center 
Tohoku University Aurora, Colorado 80045 


4-1. Serryo-mach 
Sendai-shi 980, Japan 


237 


btd 





Dr. Akira Oya (1975- ) 
Director 


Department of Virology 


and Rockcttsiology 
National Instsute of Health 


2-10-35, Kamiosaki, Shinagawa-ku 
Tokyo 141, Japan 


Former Members 


Dr. Rewaku Kono, Chairman 
(1977-79, Member 1971-77) 

Deceased (1985) 

Professor 

Department of Bactenology 

Sattama Medical School 

Moroyama-Hongo. Moroyama-cho. 
Iruma-gun 

Sastama Prefecture 350-04. Japan 


Dr. Seuchi Matsumoto (1976-1983) 
Deceased (1985) 

Professor 

Institute for Virus Research 

Kyoto University 
Shugow-Kawaramachi, Sakyo-ku 
Kyoto 606, Japan 


Former Members 


Dr. John J. Holland (1979-83) 
Professor 

Departmen of Biology 

Universay of Califorma at San Dicgo 
San Dicgo. Califorma 92037 


Dr. Wilham F. Scherer (Chairman 1978-80 
Member 1974-1978) Deceased (1982) 

Professor and Chairman 

Departmen of Micromology 

Cornell University Medical College 

New York. New York 10021 








Japanese Viral Diseases Panel 


BROAD GOALS 


Introduction 


The remarkable success in suppression of bacteria! infections 
by the introduction of antibiotics has focused world wide atten- 
tion on viral diseases as important human health problems. In 
developed countries, control of many viral discas:s has been 
successful through public health measures. In JSeveloping 
countries, however, the situation is more serious because of 
many restrictions on public healih resources. This is also truce 
m Asian countries where several hundred millions of people 
are menaced by viral epidemics. 

Transition of priority fields 

The Japan-U.S. Joint Panel on Viral Diseases selected four 
important discases for study when the joint panel was formed. 
These were: smallpox. respiratory diseases, diseases caused by 
arboviruses, and rabies. These included epideniology and 
ecology: molecular biology: pathogenesis; preven! ive measures 
including environmental control and modification of vector com- 
petence; and the development of new vaccines. Ji panese Panc! 
Members planned cooperative. domestic studies on these 
discases important to Japan as well as to Asia. 

At the Ninth Viral Disease Panel meeting in 1975, at was 
mutually agreed that research would be focused on rabies. 
dengue, and other arboviruses. However, in 1978 the guidelines 
of the Joint Viral Diseases Panels were expanded by the Joint 
Commuttee to include viral gastroenteritis, one of the most 


common infections of humans in developed and developing 
countries. 


Present scope of the Program 


At present, the scope of the Program of the Joint Panel on 
Viral Diseases includes important and prevalent diseases 
common to the United States, Japan. and Asia. These include 
dengue, viral gastroenteritis, and rabies, al. of which are 
important «s-°cs of human morbidity and mortality. The Pro- 
gram ts cohesive with common research guidel nes between the 
Japanese and U.S. panels. These guidelines include 
epidemiology, pathogenesis, molecular biology. diagnosis. 
prevention, and control measures for rabies, arbovirus infec- 
tons, and viral gastroenteritis. 


PROGRESS IN PRIORITY AREAS IN 1980-84 


Rabies 


Pathogenesis of rabies virus infection 

Remarkable progress was achieved in the study of the 
mechanism of viral dissemination in the bra n. Using the clec- 
tron microscope, an investigator examined brain tissue of 
patients who recently died of rabies in Chira to determine the 
site of virus maturation. A number of viral budding processes 





were found at sites which secmed to be neuronal synapses. This 
finding may explain the fundamental process of viral spreading 
in the brain. 

Several studies elaborated on high-cgg-passaged (HEP-Flury) 
rabies virus. an avirulent strain, and on its neurovirulcnt 
revertants. lt was reported that HEP-Flury rabies virus which 
was passed serially through chick embryo fibroblast cells failed 
to kill even nude mice and cyclophosphamide-treated mice by 
imtracerebral inoculation. Partial virulence for adult mice was 
regained after three passages in mouse neuroblastoma cells (NA 
strain of C1300 cell). Even after 20 passages through NA cell 
cultures, the virus did not regain its virulence to the same degree 
as revertants obtained by suckling mouse brain passages. A com- 
parison was made of the avirulent HEP strain with its 
neurovirulent revertants. Virulent rabies virus replicated very 
slowly and induced only small amounts of interferon in the carly 
phase of infection. On the other hand, rapid replication of 
avirulent virus and concomitant production of large amounts 
of interferon were observed but restricted to the carly phase 
of infection. These data suggest that the fate of infection of cach 
type of rabies virus might be related to events occurring in the 
early phase of infection. 


Post-exposure vaccination and immunopathology 


Other investigators continued the study of post-cxposure vac- 
cination. Mice were intracerebrally inoculated with a modified 
street virus from persistently infected mouse neuroblastoma 
cells. Two hours later they were treated with rabies vaccine that 
had been prepared in chick embryo cell culture. All vaccinated 
mice survived, while 10 to 30% of unvaccinated mice showed 
typical symptoms of illness. Administration of cyclo- 
phosphamide | day before and | day after vaccination resulted 
in the death of all mice. 

The role of cell-mediated immunity in the treatment by post- 
exposure vaccination was studied. It was noted that co- 
cultivation of infected mouse neuroblastoma cells with spleen 
cells prepared from immunized mice suppressed the formation 
of fluorescent antibody (FA) foci. This effect was attributed to 
T cell function. Neutralizing antibody. interferon, and lym- 
photoxin were not detected in the co-cultivation medium. 

It is well known that post-cxposure vaccination sometimes 
causes two undesirable effects: allergic encephalitis caused by 
contaminating cellular basic proteins im the crude vaccine 
preparations, and the so called ‘‘early death. *’ The latter refers 
to some rabies vaccinated persons exposed to street rabies virus 
who develop the disease with a shorter latent period and dic 
more quickly than those not vaccinated. Investigators tried to 
analyze this ‘‘early death’’ phenomenon by establishing an 
animal model system which mimicked the human phenomenon. 

One group employed corneal inoculation of animals with street 
rabies virus which was followed by intraperitoneal inoculation 
of inactivated vaccine. They noted that the incubation period 
for developing clinical illness was reduced. Another group 
observed the ‘‘early death’’ phenomenon in mice which had 
received an intracranial inoculation with rabies virus, CVS 
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strain, followed by intraperitoneal vaccination. An increase of 
neutralizing antibody levels in serum was found 5 days after 
infection. However, passive transfer of immune scrum or spleen 
cells obtained from immunized mice to infected mice did not 
result in carly deaths. Furthermore. the group recently observed 
the phenomenon in monkeys and guinca pigs. suggesting that 
“carly death”’ is a common phenomenon in many animals. as 
well as in humans. The establishment of animal models. hope- 
fully. will lead to an clucidation of the mechanism of *‘carly 
death.”” 


Development of a new vaccine 


A continuous supply of effective. low-cost, and safe vaccine 
is needed in developing countries where rabies ts prevalent. It 
is very difficult for these countries to produce their own tissuc 
culture vaccines. One investigator and his colleagues tried to 
develop an improved rabies vaccine applicable in developing 
countries. 


Virus-cell interactions in cell culture 


Neuroblastoma cell lines exhibit various neuron-like prop- 
crues in vitro and have served as the model host for in wire 
studies of the neurotropic rabies virus infection. Studies of a 
rabies virus infection in a human neuroblastoma cell line 
(‘SYM-1 strain) showed that a HEP rabies virus infected SYM-1 
cell produced considerable amounts of interferon. Fewer pro- 
geny virions were produced within 3 days of infection. At the 
second passage. the virus yield dropped to 1/1000 of that of 
the first passage. Persistent infection of HEP virus was easily 
initiated in SYM-1 cells. in which interferon and defective in- 
terfering (DI) particles were produced continuously. 

Many rhabdomyosarcoma cell lines of mouse origin have been 
established. These cell lines resisted the cytopathic effect (CPE) 
caused by rabies CVS strain and became persistently infected. 
Further studies are expected in these areas which may offer clues 
to understanding viral behavior during the long latent period. 


Molecular biology of rabies virus 


Recently was found that the shift-up of incubation 
temperature of HEP virus-infected BHK cell cultures induced 
an accelerated CPE even though replication of virus stopped 
at the higher temperature. By raising the incubation temperature. 
diverse molecular changes were induced in replication, such 
as the termination of genomic RNA synthesis and up to a ten- 
fold increase of viral MRNA synthesis. This was not followed 
by an increase of viral protein synthesis. This suggested that 
viral regulation of RNA synthesis may be temperature sensitive . 
but the regulatory function ts not associated with the temperature 
sensitivity of accelerated CPE. 

The rabies virion is composed of at least five species of viral 
proteins (L.G. N, M1. and M2 proteins) and usually has some 
additional minor protein components, such as acting molecules 
of cellular origin and p40 proteins. Immunological and 
biochemical studies indicated that p40 was a modified MI 
protein. Both p40 and M1 proteins are phosphoproteins, but 
p40 was much more phosphorylated than M1 protein. M1 pro- 
tcin was found abundant in infected cells, but accounted for only 
6% of mature virions. On the other hand, p40 protein was only 
detected in mature virions (3% -4%). It was suggested that p40 
protein in the mature virion was produced by re-phosphorylation 
of M1 protein at or during the process of viral assembly to 
maturation. 
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Developments in laboratory techniques 
The hemagglutination-inhibmion (HI) test ss one of the 


methods used for rapid antibody assay for study of many types 
of viruses. Rabies virus agglutinatcs goose crythracytes at a low 
pH and when a nonspecific scrum mbhibsor (lipoprotem) 
removed by kaolin. This techmgue. however, has not been used 
in rabies research because of the low sensitivity of the test m 
detecting viral protems and difficulues m compictely climunating 
the nonspecific imhibstor(s). There were atiempts to overcome 
these faults associated with the rabies virus HI test: treatment 
of test sera wath colloidal siliasic aced (Acrosil) and acctone was 
adequate to remove the nonspecific mbhibstory: and treating 
goose erythrocytes with a low concentration (0.005%) of 
Bromeline significantly increased them agglutinabilaty of rabies 
virions. Combining these procedures. low titers of antiraties 
antibodies were detected efficiently. The HI antibody titers ob- 
tained with these improved procedures became 3 to 6 times 
higher than those obtained with the currem procedures. Low 
levels (under 1:20) of antibodies in vaccinated human sera could 
efficiently be measured with higher sensaivity. This improved 
HI test for rabies virus is now expected to be used widely m 
rabies research. With this improved HI test. antigenic dif- 
ferences among some strains of rabies virus could be detected 
in parallel with cross-neutralization tests. The importance of 
the selection of HA antigen im the HI test for scro- 
epidemiological studies ts suggested 

A sensitive bioassay method was developed for detecting small 
amounts of DI particles. Increasing the incubation temperature 
to 40C after an initial period at 36C., mitiated a rapsd CPE and 
a cessation of viral replication. When this procedure was ap- 
plied to a mixed infection of rabies virus and DI virions, clusters 
of surviving cells stood out against a background of lysed cells. 
With this finding. an interference focus-forming assay of rabies 
virus DI particles was devised. Under optimal conditions this 
procedure was sufficiently sensitive to measure as little as 20 
IFU/ral of DI particles with an efficiency almost equal to the 


plaque assay. 


Arboviruses including dengue viruses 


A variety of research was conducted. with arboviruses in the 
fields of epidemiology. immunology and molecular virology 
under the present program. 

An analysis was made of the biological function of two 
glycoproteins, El and E2. located on the surface of western 
equine encephalitis (WEE) virus, an alpha virus. Separation of 
two glycoproteins by discontinuous SDS-gel electrophoresis and 
SDS-hydroxylapatite chromatography were found to cause 
denaturation of those proteims. their biological activities were 
eventually lost. The following procedures were initiated to im- 
prove separation: |) isoelectric focusing in a urea gradient, 2) 
ion exchange chromatography following Triton X-100 treat. 
ment at different pH and ionic strengths, and 3) glass wool 
chromatography on the basis of ther differential binding to glass 
wool in the presence of NP40. Glass wool column 
chromatography was successful, and an attempt was made to 
identify proteins which are responsible for adsorption to cells 
E! protein hemolyses red blood cells 

Chikungunya (CHIK) virus ts found widely in Africa and Asia 
as a pathogenic alphavirus for man. Some characteristics of its 
structural proteins have not been clarified. Studies were per- 
formed comparing CHIK protein components with those of well 
analyzed alphaviruses with the followimg results: 1) the envelope 





proteins £1. E2. and capsid protem were reicased m the medium 
by cleavage of PE2; 2) E2 was produced by cleavage of PE2- 
and 3) separation of El and E2 was rather difficult compared 
to Semisks forest virus. ht was suggested that properties of CHIK 
Vitus structural proteims were more similar to WEE virus than 


An analysis was performed of the antigenic structure of the 
envelope V3 protem of Japanese encephalitis JE) virus using 
monactonal antibadies. Eleven (11) monoclonal antibodies were 
asuigned to 4 groups: flavivirus-cross-reactive Hl and non- 
neutralizing antibody (group 2). low HI and neutralizing an- 
tihady (group 4 and 5). The results of their competitive bind- 
ing assay showed the cxmtence of at least five distinct antigenic 
determinants of V3 protcm. HA sites could be separated from 
neutralization sites. Two HA sites were identified. onc. 
flavivirus-cross-reactive and the other. subgroup specific. 

Attempts were made to determine the structure of the JE virus 
genome by using molecular cloning methods. Temperate JE 
virus RNA was used to prepare JE virus CDNA. cDNAs were 
mserted into the Pst-1 sate of pUC-12 DNA for cloning. More 
than 20 clones were obtained which hybridized with JE virus 
probes. A physical map of cach clone was cxamuned and clones 
were Classified into four groups. lt was estimated that the clones 
cover approximately 7 kilo-bases which occupied more than half 
of the JE virus genome. Studies are mm progress to obtain CDNA 
of full length and to sequence all of the JE genome. 


Participation of cellular immunity in JE virus infection 


The role of cellular wmmunity in experimental mice infected 
with JE virus was investigated. C3H/He mice were thymec- 
tomuzed after “Co irradiation. Treated mice received thymus 
cells or bone marrow cells separately or both cells 
wumultancously and were moculated with JE virus intravenously 
Most of the mice recerving both types of cell survived. However. 
all mice given only one type of cell died. Remarkable infiltra- 
thon of mononuclear cells in the brains and meninges was ob- 
served m mace receiving both cell types. Also. mice recerving 
both cell types produced IgM and IgG antibodies against JE 
virus, but mice receiving only B cells produced only IgM an- 
tibody. Cells collected from brains with mononuclear cell im- 
filtration contained cytotoxic T cells and showed viral clearance 
activity mm JE virus-infected cultured cells. These activities were 
higher mm brain cells than in spleen cells. They found that “Co 
irradiated mice inoculated mtracerebrally with JE virus could 
be protected from death by transfcr with mmmune soicen cells. 
but signs of the disease appeared earlier in the mmmunied mice 
than the unmmmunized mice. They suggested that the infiltrateng 
cells were essential for viral clearance im the brain, although 
they accelerated some carly processes of disease 

Characteristics of cellular mmmunity in JE virus infection were 
imvestigated in mice. Cytotoxic cells were observed from day 
5 and reached a peak 77 days after infection in mouse spleens. 
Cytotoxic activity was clearly demonstrated in T cells but latic 
in B cells. Interestingly. protective activity was noted with B 
cells but was scarce with T cells. Protection was not successful 
when capermmentally infected mice were treated as late as 4 days 
after infection either by antiserum or by wmmune spleen cells 
Apparent protection, however. was shown when both treatments 
were combined. Spleen cells from mice immunized with 
inactivated virus showed protective activity and no cytotoxic 


activay. Accordingly. a was suggested that ummunc B cclls. 
wath the coaperavon of spocific antibady . play an mmportant rolc 
m the cellular mmmunnty m JE viru. wifection 


Application of ELISA to arbovirus scrologs 


The ELISA test was found more scnsiive than the HI tes 
for detecting amibody to JE virus in pig scrum. ELISA was 
used for the diagnos of human JE. Scra from 460 suspected 
JE cases and sera from healthy ressdents in non-cndemac arcas 
of JE were cxamined. JE cases were confirmed when a 4-fold 
titcr mcreasc was obtained wath paired scra. “Probable” JE 
was diagnosed with a single sample of scrum when a titcr as 
igh as 10.000 of more was obtaincd wah whole im- 
munoglobulin or more than 100 wath IgM. JE ncgativity was 
confirmed when the uter with whole immunoglobulin showed 
less than 800. even in the convalescent stage. 

Antibody response was analy zed by ELISA using guinea pigs 
after infections with JE and West Nile viruses. The mfections 
were separated by an aj propriate time interval. it was found 
that antibody titers after the second miccting virus were con- 
sustently higher against the matial infecting virus. regardless of 
order of the infecting viruses. It was hypothesized that the theory 
” “orgmal antigen sin’ could be applied m the case of 
flavivirus infection as well as with influcnza viruses 

The tiotin-avidin ELISA system was successfully used to 
measure JE antibody. lt was emphasized that the broten-avidin 
ELISA system showed less nonspecific reaction than ordimery 
ELISA and was useful in measuring JE antibodies m sera of 
various ammmal species. ELISA was applied for diagnosing JE 
and dengue cases m Japan and m Thailand with reference to 
antibody titers from normal mdividuals. The igG-ELISA m JE 
cases im Thailand was cqually as high to both JE and denguc 
antigens. It was confirmed that IgM capture ELISA was ap 
plied usefully to differentiate dengue and JE cases mm Thasland 

An outbreak of a febrile cxanthematous discase occurred 
among face horses m a race horse traming center m Tochigi 
Prefecture im castern Japan mm the fall of 1978. Virus was twsolate J 
from blood samples of sick horses. and the wolated virus. almo 4 
identical © Getah virus. was sdentified as the causative agen 
ht was the first report of Getah virus iliness in horses. The man 
signs of disease im the sick horses were light fever. generaliz d 
cxanthem. and cold edema of the jounts. Iiness lasted for 2 
S days. Inapparent infection of horses occurred frequently. E «- 
permmental infection of horses with the isolate showed the i- 
cubation period to be approximately | week. Virermma was 
observed for 5 days after the onset of the disease. Sick horses 
showed neutralizing. complement -fixmng. and hemagghutenatx - 
intubiting antibodies in comvalewent sera. C6 6 mosquato cr ths 
were used successfully for molating the arbovirus 

The effectiveness of the C6) 36 mosquito cell line was com 
pared with suckling mice for the rolation of arbow ruses from 
mosquitacs collected in nature. The mosquito suspensions were 
cemrifuged and the supernatants were moculated into suckling 
mouse brains. The same suspensions were imaculated onto a 
monolayer of C6/%6 cells after Millipore filtration. Seventcen 
straras of JE and five strams of Getah viruses were rolated by 
C6 "6 cells, whereas eight strains of JE and two stramms of Getah 
were mwolated by suckling mouse bram moaculaton These results 
sugyested that C6/% cells were more sensitive for virus mola 
thon than suckling mouse bras 
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C6/™% cells were used for denguc virus wolaton from pa- 
tents wah denguc hemorrhags fever (DHF) m Bangkok. Exgin 
CP posaive trams were molated and sientified as denguc type 
2 verus by LAHA. After freezing and thawing the supernatants 
oft the CP negative cultures. nunc denguc viruscs were molated 
and sienuficd by the applcaton of IAHA. The results 
demonstrated quite clearly the applicatilay of C6% cells for 
virus molaton. and the [AHA for sentification of denguc 
viruses 

A research worker was accidentally mfocted m the laboratory 
with denguc virus molated from a patient in Thastland m 1978. 
prolomenarily sdentified as type 4 denguc virus. Two strams of 
virus were remolated from thes patient's scrum on the It day 
of diness by maculating scrum onto C6 % cells of mto suck- 
long mouse brarms The comvalescent scrum showed a acutraliz- 
mg antibody tacr of 4.000 again the C6 ™ renmolatc 
Surprisingly Use same scrum showed a ncutralizing antiboxly 


titer of onl = ©) against the mouse bram remolate. When the 
mouse brar = &> was passed through C6 % cells. the NT tater 
wasmuch; «oved. When the C6 % cell remolate was passed 


though sucking mouse bram. the NT was decreased. Such a 
distinct host dependent change of the NT antibody reactivity 
of dengue virus called attention to tactors that cowld affect the 


serological diagnosis of denguc 
Ecologiwal studies of arbowiruses 


The magnitude of human JE epodemics and weather factors 
were analyzed for Nagasaki Prefecture over the period of 1950 
to 1979. The si7* of the epidemic demonstrated a negative cor- 


relation with th Seren preceprtation and a positive cor- 
relation wath the . “~~ “mer temperature. Larger epidemics 
occurred m the ~ © ofs wath light precipitation and high 
temperatures. Hy , €Tatures may accelerate the multuplica- 


ton of JE virws mm the vector mosquito. Light precipitation and 
high temperatures may bring about an imcrease m the vector 
population sence the survival rate of mmmature mosquitoes ts 
larger through shortened developmental periads Also. light 
precipitation may minimize the loss of mmmature mosquitoes 
by water currents 

An ecological study of Getah virus was conducted m Japan 
An investigator examined 27.000 mosquitoes of 6 species for 
the natural presence of Getah virus. Among a total of 18 Getah 
virus isolates, 15 were from A. wexans, and 3 from C. mi- 
tacmorhvachus. Virus wolation was successful from September 
to October when A. vexans peaked m nature. Getah virus was 
fownd widely disseminated among swine. It 1m assumed that 4 
verans 1s the maim vector and that swine play a role as the main 
amplifier of Getah virus im nature 

More than 20 strains of Getah virus isolated from mosquitoes. 
swine, and horses in Japan during 1956 to 1981, and one pro- 
totype stra from Malaysia. were analyzed by mmvestigators us- 
ing the RNA oligonucleotide finger-printing method. ht was 
reported that the prototype strain was quite differemt from the 
Japanese wolates Although most Japanese isolates shared many 
large oligonucleotides im common. them patterns were not den. 
tical even among tsolates from the same place im the same year 
The results indicate a high mutability of Getah virus 

A field study of aboviruses was carried out in Chiang Mai 
of northern Thailand, in July and August 1982. One strain of 
JE, 11 strains of dengue, and 2 unidentified flaviviruses were 
wolated Dengue virus was isolated from one case of encephalitis 


242 


and one case of asepuc meningitis. A scracpademuctogical survey 
revealed that the mfecuon wath JE virus was not uniformly scat- 
tered throughout the Chiang Mai Valicy. An HI antibody survey 
of vertebrate scra showed high posmive rates to JE virus m 
swine. horses. mules. and sheep: lower rates m monkeys, ducks. 
and sparrows: and no antibody m chickems and lizards 

A serological survey of Apo: virus was carried out in Hok- 
kasdo. Sera from a varicty of animals. including humans from 
differem districts of Hokkaido, were tested for Apoi antibody 
by the plague ncutralization teu or by ELISA. Three of 659 
humans. 116 of 1.384 bovines. 5 of 520 horses. 2 of 296 pigs. 
| of 4 brown bears. and | of 123 wild radent sera were postive 
IgM antibody was detected m young calves 


Viral Gastroenteritis 
Reaavirus infections 


Recently. a major advance was made m mm wire cultivation 
of human rotaviruses. which allowed almost rowtene molatron 
of human rotaviruses. The MAIO4 cell lone derived from fetal 
rhesus monkey hidncys and primary cultures of eather African 
green of cynomolgus monkey hidncy cclls were scnsitive to 
human rotaviruscs followsng trypan treatment of the virus prior 
to and durmg cultrvateon on rolicr tube cultures. Wath these pro- 
cedures, a number of rotavirus siraims were mwolated m Japan 
and other cowntrics 

The successful propagation of human rotavirus on cell culture 
has facilitated thew classification according to acutralization 
specificnty. Among rotavirus strains wolated mm Japan. four dif- 
ferem serotypes have been distinguished mm collaboration wath 
colleagues im the United States: serotype 1 (KS, KU). serotype 
4 (Hosokawa. Hochi). The major protem responsible for 
neutralization specificity ts caded for by the exghth or ninth RIWP 
segmem. the product of which is an outer capsid glycoprotem 
(Vp7) with a molecular weight of 4-38 kilo-dalton (K-D). An- 
tisera against bowie rotavirus Vp? have. m addition to 
neutralization, hemagglutmation imbibition (HI) and 
complement -fixation (CF) activities. Rotavirus strains belong- 
ing to serotypes |. 3. and 4 have subgroup 2 specificity, whereas 
“trams belonging to scrotype 2 have subgroup | specificity 
Subgroup specificity ts determined by the mayor mner capsid 
protem (Vp6) with a molecular weight of 41 K-D. the product 
of RNP segment 6 which also has common group antigens 

ht was shown that human rotaviruscs propagated on the absence 
of trypsin have the ability to agglutinate day-old chicken 
erythracytes. Trypsin treatment decreases the hemagglutination 
tier of human rotavirus and, conversely, mereases their 
mfcctivity 

Monoclonal antibodies against the hemagglutinin of 
rotaviruses (including human, suman [SA-11] and bovine 
[NCDV] rotaviruses) proved to have neutralizing activity against 
the homologous virus strain, as well as hemagglutmation- 
mhibition activity. In SA-11 and Vp88. the outer capsid pro- 
tem and the product of the fourth gene scgment is wm 
munoprocipitated with monoclonal antibody directed at HA. and 
cleaved by trypsin to produce Vp60 and Vp28 

One group proposed a potential live candidate vaccine by 
preparing a cold-adapted strain of human rotavirus (IGV -80- 3) 
serially passaged m promary monkey cells at temperatures shifted 
down stepwise. The 25 C-adapted rotavirus showed no patho- 
pemciy m pigs 





ht was found that morphogenesis of rotavirus accurs af the 
membrane of the rough endoplasmic reuculum. besides sungic- 
shelled parucies synthesized m the viroplasma. Double-shelled 
virnoms arising at the endoplasmic reuculum membrane enicr 
the cisternae through an cxocytosis-like process. The 
ing cytolysis. appear to be the result of incfficsent virus matura- 
thon at the last stage of outer capsed formation. 

Polyacrylamide gel clectrophoresis of viral RNA protems 
allows a classificanon of rotavirus genotypes. Human 
rotaviruses. however, show extensive diversity im thew genomic 
patterns (clectropherotypes). Epdemological studies using this 
procedure showed that a single but differemt domunant rotavirus 
clectrapherotype appeared to mutate cach of the outbreaks. cach 
remained importam for the first 2-3 months. 

When IgA antibodies against rotavirus m feces are deter- 
mined, using a sensitive ELISA assay techmiguc. the fecal IgA 
antibodies appear | week after the onsct of the ilinces and 
decrease im titer 3 to S weeks later. In remfection the IgA an- 
tibady responses are faster m appearance and higher m titer than 
those mm primary infection. 


Dnarrheal viruses other than rotavirus 


In general, 5% -10% of infants and young children with acute 
diarrhea shed fastidious adenoviruses when cxramuned by clec- 
tron microscopy. The majority of such fastidious enteric 
adenoviruses (Ead) represent new scrotypes. types 40 and 41. 
An outbreak of gastroenteritis using hybridization techniques 
and mmmunociectronmicroscopy im Japan was confirmed to be 
caused by Ead40. 

Human calicivirus was recently to be cultivable im dolphin 
cells and shown to contain single-stranded RNA as genomic 
material. Community and nosocomial outbreaks of 
gastroenteritis associated with human calicrvirus were reported 
in Japan, and in other countries. For detection of human 
calhorvirus mm stools. a microtiter solid phase radrounmunoassay 
was developed 

Astroviruses have been associated with diarrhea im several 
ammals. An outbreak of astro-assaciated gastroenteritis aocurred 
among children in a kindergarten im Japan. 

Cnofuke agent, 35-40 nm in diameter, contaming a singic- 
stranded DNA genome. was detected im patients with epidemic 
gaMroemeritis im Japan. However. the chological significance 
of this virus isolation remains to be established 


Hemorrhagic Fever 
With Renal Syndrome 


Nomenclature 


Hemorrhagic fever with renal syndrome (HFRS) was 
described in various countries under different names, c.g. 


epidcrmc hemorrhagic fever (EHF) in China and Japan, Korean 
hemorrhagic fever (KHF) in Korea, Far Eastern 


nephrosonephritis in the USSR. of nephropathia epidermica (NE) 
in Scandinavian countnes. The Working Group on Hemorrhagic 
Fever convened in Tokyo, by the WHO Western Pacific 
Regional Office, recommended the use of the term 


“hemorrhagic fever with renal syndrome’’ m February 1982 


Present status 


In Japan. about 120 cases of HFRS occurred between 1965 
and 1975. mainly m Osaka City. Nearly 150 HFRS paticnts 
related to the handling of cxpermmental rats have boen registcred 
in Japan from 30 institutions since 1970. 

Since the molation of the causative virus of KHF, Hantaan 
virus, in Korea im 1976, a scrological survey of human and ro- 
demt scra became possible. The ctiological relatedness of the 
various forms of HFRS im the Eurasian contincm was 
established. Morcover, HFRS antibody m human scra was found 
m arcas where no clinical HFRS has been recognized. c.g. m 
Bolivia, the Central African Republic. Gabon, Kenya. Egypt. 
Iran, India. Thailand. Philippines. Fis. Hong Kong. Malaysia. 
Canada, and the United States. 

Antibody prevalence among wild rodents was found 
worldwide, Rattus Norvegicus m Japan (Tokyo, Yokohama. 
Kobe, Hokkaido. Shimizu), R norvegicus and Microtus 
pennsvivanicus m the U.S.A. (Houston, New Oricans. 
Philadciphia, Baltimore). Microtus californicus in California. 
and Clethrionomys rutilis im Alaska. cic. 

Three groups of scientists are actively engaged in HFRS 
research m Japan. Several strains of Hantaan-related virus were 
isolated from rats m Japan in association with HFRS outbreaks. 
as well as handling of rats for experimental use. The prototype 
virus, Hantaan 76-118 strain, was isolated by means of 
Apodemus mouse moculation. Recent strains, however, were 
more efficiently msolated by direct moculation mio cell cultures. 
especially onto VERO-E6 cells. There appear to be several types 
of Hantaan-related viruses. 

From rats in Tokyo and in Hokkaido, HFRS virus antigen 
and other Hantaan-related viruses were detected im thew organs. 
However. no climcal HFRS has been detected im cither city 
One strain, tsolated from an experimental tumor-bearing rat in 
Osaka, was wmique since i showed more affinity for rats than 
mice. 

Diagnostic procedures employed successfully for HFRS an- 
tigen or antibody detection are: 1) mndirect fluorescent antibody 
staining (IF A); 2) neutralization im cell culture (NT); 3) ELISA, 
4) mmmune adherence hemagglutination (LAHA), 5) reverse 
passive hemagglutenation imbibition (RPHI). and 6) complement. 
fixation tests (CF). IFA, ELISA, and RPHI are group-specific 
IAHA, NT. and CF are type-specific and support 
epidemological analyses on the basis of antigenic differentia- 
thon of the causative viruses 

Efforts to establish an animal model for human HFRS were 
not successful. Intracerebral moculation into the suckling mouse 
of rat causes infections of varying degrees depending upon the 
pathogenicity of the virus strain used. 

Mode of transmission among Apodemus populations was 
shown to occur by inhalation of dust contaminated with virus 
excreted m urine. 


Tas momic position of HFRS agents 


HFRS agents were classified as members of the Bunyaviridac 
/ccording to virion morphology and segmentedness of the RNA 
renome. All agents appear to be related to one another but dif- 
ior to some extent from other groups of viruses im the genera 
Benyaviridac. A new genus, ‘Hantavirus’. among the 


Bunyaviridac was proposed for the cluster of HFRS agents 
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Rabies 


The molecular analyses of ratecs virus must be caplored fur- 
ther Host-virus relaponshaps. including pathogenesis and um- 
munclogscal aspects of rabees virus mnfection. especially im the 
central nervous system, needs much more mvestigation. The 
cause of the “carly death” phenomenon 1 another probicm to 
be clarified 


Arboviruses Including Dengue 


Although Japanese cncephalitrs 1 uncommon m Japan. ms i- 
cxdence ts mecreasing m other parts of Asia. Knowledge of the 
pathogenesss of Japanese cnoephalitis. expecially m humans. 1 
mt adequate. Further understanding of the cpidermology of thrs 
discase. including the mechanism of overwinicring of the virus 
mm Temperate and Suttemperate Zones. the antigenic diversity 
of virus strams, and the development of adequate preventive 
measures roman major goals 

Dengue hemorrhagic fever with and without shack syndrome. 
remams of major mmportance m Asia. Before prevention and 
control can be umplemented. a concentrated effort m necessary 
to develop better understanding of pathogenesis. Vaccine 
development ts a program objective and work continucs 

it should be emphasized that HFRS ‘ust be explored exten- 
sively as a global health problem 


Viral Gastroentcritis 


The prevalence of human viral gastrocoticrass. mm mfants and 
other age groups. i a greatcr problem mm the Third World than 
mm developing countnes Phoncer global studies are required to 
determunc the various types of Causative agents respomssble for 
mortidsy and mortality Adequate channels between develop 
mg and developed countries must be catablished as soon a 
possible to help resolve thn important health probiem 
Possibilases of developing cficctive preventive and comrol 
measures should be mvestigaied thoroughly. drawing on 
knowledge gained from such actively developing fickds as mm- 
munotmalogy and molecular genetics 

Developmem of more effective vaccines against rabies. 
Japanese encephalitis. denguc. and viral gastroenteritis. 
availabic for usc. cven m developing countrics. is strongly 
encouraged and supported through research proyects of the Jom 
Panel activines. Great contributions of growing biotechnology 
are amucipated im this ficld 

Research on pathogenes:s of viral discases and the mechanism 
of vaccine efficacy are essential companion fichds of investiga 
bons m hgh of new mmunological knowledge 

Field trials of new vaccines. demonstrated to be efficacious 
and safc against these viral discases should be promoted as jount 
projects. Its necessary to establish appropriate understanding 
and consent of the specific national governmem, WHO. and 
other related orgamzatioms sm order to mmplement these proyects 


245 


f ' 





U.S. Viral Diseases Panel 


BROAD GOALS 


Ten years ago. the Ninth Viral Discases Pancl wentified 
dengue and other arhowsruses. rabies. and viral gatromentcritss 
as proormy rescarch arcas. These categories were defined and 
addressed broadly m subsogucmt research studics and panc! 
discussoms. Arbovrruscs have mecluded Korcan hemorrhagn 
fever wath renal syndrome. To ottam a beticr understanding 
of rates. other rhabdoviruses were used as made! systems for 
determinang infection and viral persistence. The focus of viral 
gaMrocmicritts was primarily on rotaviruses. although other 
chologic viral agents were investigated and discussed. In order 
to keep mformed of current virologx problems. special rele 
vam topics were sclected for discussion at jount panel mectings 

The pancls have not diminished the imtcrest and concern 
regarding viral diseases which are significant causes of human 
mortidity and mortality arownd the world. The relative mmpor- 
tance presented by these cuplosive iinesses and the capacity 
to make significamt progress by U.S. and Japanese scientists 
are the principal reasons for marmtamung the priority objectives 
of the joumt panels. Pane! mectengs served to continually assess 
and re-evaluate the health mmportance, distribution. and 
epidermology of these diseases and provided timely review of 
research m the US. and Japan. These reviews, and the profes 
wonal cUatacts made through jount pane! mectings fostered col- 
laboration and cooperation between US. and Japanese scien 
trsts through discussion and mmterchange of techniques. reagents. 
and personnel. Consequently, scientific progress has been 
notable m all of the sclected arcas. especially m viral 
gastroemeritn and hemorrhagic fever with renal syndrome 
Cooperative jount efforts resulted m the development of crucial 
new techmagues, characterization of the chhologk agents m 
volved. and mroads to understanding the function at the cellular 
level. Much remams to be accomplished before an adequate 
understanding of viral interaction. pathogenetic mechanisms. 
and epidermologi clues provide the necessary leads to effec- 
tive control 


DENGUE AND OTHER ARBOVIRUSES 


Although the study for arbovirus gene function has progressed 
rapidly for alpha and bunyaviruses. the flaviviruses remaen dif 
ficult to mvestigate which impedes the development of vaccines 
and application of new vaccine technology 

A fundamental understanding of alpha and flavivirus- vector 
relationshaps im nature 1s needed to match recent progress made 
with bunyaviruses and their vectors. This knowledge will help 
expla imterepdemic persistence More complete evidence for 
transovarial or venereal transmission under experimental and 
natural conditions is needed Clarification of the umpact of en 
vironmental factors such as temperature on virus replication and 
spread im vectors merits further investigation. Experiments are 
needed to show the nature of virus-cell interactions im vectors 
mn order to understand tissuc tropism/barners as mechanisms 
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of vector competence. There need for further work on the 
genctics of vector competence 

The pathogenic mechanism of denguc hemorrhagn 
fever/shack syndrome remaims controversial. There are two 
working hypotheses and madern technology 1 reaching the state 
which should perma thei testing. Studics of the virus-tissuc 
micrachoms at the cellular level m vernichratcs will provide usctul 
msights to help describe and explain basic mechanisms of viral 


pathogenes:s 


VIRAL GASTROENTERITIS 


The rapid recent advances mm clucidation of rotavirus struc 
ture and cellular function provide a basis for vaccine develop- 
mem. production, and testing. These developments create the 
need for compicte understanding of viral pathogenesis and on- 
testinal wmamuwnity. Appropriate studics are handicapped by lack 
of an appropriate and inexpensive verichrate made! system to 
tet human rota and other viruses that cause gastroenteritis. A 
more complete understanding of the worldwide destribution of 
rota and other gastrountestinal viruses is urgently needed to 
assess the geographic distribution and relative mmpenance of 
these agents as causes of human and animal discases. Recent 
advances m diagnostic technology now make mt possible to make 
these evaluations for rotaviruses. The mmportance of illnesses 
caused by non-rota virus agents will remaim difficult to assess 
until chagnostic technology hecomes adequate and relatively om- 
expensive. These epidermotogical assessments make mt necessary 
to establish priorities for various control measures which im- 
clude vacewmne developmem, based on reliable cost/benefit 
analy ses 


RABIES 


There ts comtenued need for effective, safe, mexpensive. and 
available rates vaccines for human, domestic animal, and 
wildlife adrrumstration. Advances im the understanding of raties 
virus structure and its genetic control must be made if rabies 
is to be controlled mm the known endemx areas. A more com 
plete understanding of rates virus pathogercsis will help im 
prove approaches to prophylaxis. treatment. and control Bet 
ter diagnostic techniques and reporting methods must be 
developed before national. regional and imternational rabies con 
trol programs which employ modern vaccine technology. can 
be successfully and cconorcally conducted 


SUMMARY OF THE FIRST FIVE YEARS 


Research was onented toward specific viral diseases of Asia 
including smalipox, rates, and the arthropod-borne viruses 
The gel precepiation test for diagnosis of smallpox is specific. 
rapid, and is 92% as sensitive as the more time-consuming 
technique of virus molation. Analysis of subunit antigens of 





variola virus showed the presence of three specific hemag- 
giutination antigens, and a high molecular weight precipitin 
which reacts with a neutralizing antibody. 

The nucleocapsid of rabies virus ts composed of RNA plus 
a single protein, which fixes complement. The coat glycopro- 
tein is the hemagglutinating component. A newly developed 
hemagglutination test is comparable in its accuracy to the serum- 
neutralization test. In pathogenetic studies in foxes, 1 was shown 
that rabies virus matures on plasma membranes in the salivary 
glands. In nerve cells, intracytoplasmic maturation dominates. 
A search for clarifying over-wintering mechanisms of Japanese 
encephalitis virus in Korea and for attenuated vaccine strains 
was unsuccessful. Eleven mutants of Culex tritaeniorhynchus., 
the principle vector of Japanese encephalitis. were developed 
and show promise for control by genetic manipulation of 
mosquitoes. 

Dengue type-2 virus was shown to contain three proteins, a 
coat glycoprotein of 59,000 MW. a core protein of 13,500 MW. 
and a capsid protein of 7.700 MW. The core protein was miss- 
ing in incomplete hemagglutinating particles. This type of im- 
formation is essential to development of effective vaccines. 


SUMMARY OF THE SECOND FIVE YEARS 


During the second 5 years, research emphasis was placed on 
rabies. dengue and dengue hemorrhagic fever, Japanesc 
encephalitis, and other arboviruses. Much attention was given 
to the mosquito, Culex tritaeniorhynchus. A new, imactivated 
rabies virus vaccine was developed in human diploid cells, and 
there were important new developments on immunogathogenic 
mechanisms as a cause of carly deaths in rabbits. The produc- 
tion of rabies vaccine in many countries depends on the use of 
neural tissues. Hence, the new vaccine represented an impor- 
tant scientific advance. Other viruses were isolated in Africa 
and were identified as members of the rabies-virus complex. 

The pathogenesis of dengue hemmorrhagic fever ts im- 
properly understood. In pursuit of a dengue virus vaccine, sen- 
sitive mutants of the virus have been developed. Aedes albopic- 
tus taken from different geographic areas were shown to 
demonstrate different susceptibilities to dengue type 2 virus. 
Genetically differing strains of Culex tritaeniorhynchus, a ma- 
jor vector of Japanese encephalitis virus in Asia, have been 
developed. These studies are aimed at finding viable strains 
which would be poor vectors. Yet. they might compete 
genetically with wild populations and replace the wild vector 
populations with inefficient vectors. 


SUMMARY OF THIRD FIVE YEARS 


The mechanism of dengue hemorrhagic fever/shock syndrome 
remains unclear. Severity of disease is not related to trans- 
mission by certain vector species. Immune enhancement of 
dengue virus infection was well established. which suggests that 
entry of dengue virus antibody complexes into mononuclear 
phagocytes occurs via Fc receptors on these cells. Products are 
then released which alter vascular permeability. Several struc- 
tural and non-structural viral proteins were described for St. 
Louis and dengue viruses. The mechanism of replication of 
flaviviruses is differen’ from that of alpha viruses. In 
flaviviruses, ribosomes recognize internal initiation sites on 





genomic messenger RNA. This is in contrast to alpha virus 
translation, which begins at terminal sites. with production of 
precursors that are subsequently cleaved. 

Vector infection studies showed the relationship of the mid- 
gut barrier to vector competence. Other studies with Califor- 
nia group bunyaviruses and their Aedes vectors revealed that 
transovaria! wansmission occurs commonly. Transovarial 
transmussion of Japanese and St. Louis encephalitis. and dengue 
viruses Occur in several species in the laboratory. but their im- 
portance in the field has not been established. Korean hemor- 
thagic fever (hemorrhagic fever with renal syndrome) is pres- 
emt in the wild rodent Apodemus agrarius. Cells from these 
rodcmis were used to tsolate the agent from humans. The disease 
is now known to occur in Japan. 

The structure of rotaviruses was demonstrated. Human 
rotavirus type 2 was successfully propagated in cell cultures. 
Epdemological studies have shown rotaviruses. adenovirus and 
non-cultivatable 27am viruses responsible for acute viral 
gastroenteritis in humans. The viral infections were detected 
by ELISA and immunoelectron microscopy. Rotaviral infec- 
tions were most common. Rotaviral antibody prevalence was 
shown to increase with age. Sporadic outbreaks of Norwak-type 
(27nm particle) occurred in the United States. 

The human diploid cell inactivated rabies virus vaccine con- 
sistently produces antibodies in human recipients. Tests of an 
oral rabies vaccine for animal administration resulted in antibody 
production. A guinea pig model system for post-cxposure testing 
of rabies vaccine efficacy was developed. Oligonucleotide 
fingerprints showed that fixed rabies virus RNA differs from 
wild strains. A monoclonal antibody system showed that the 
glycoprotein antigens were diverse. Strains from the same 
geographic area and species of origin have similar patterns of 
reactivity. Natural antigenic variation may explain failures of 
post-cxposure treatment of rabies. Cell to cell spread of rabies 
virus occurs by budding of virus from one cell directly into the 
cytoplasm of an adjacent one. 


PROGRESS IN PRIORITY AREAS 


Dengue and Other Arboviruses Including Korean 
Hemorrhagic Fever 


Progress has been steady in reaching a more complete 
understanding of the molecular biology of arboviruses. Insight 
into the process of replication, production of structural and non- 
structural viral proteins, and the genetics of antigenic variation 
and cell and tissue tropisms will be necessary to understand the 
mechanism by which viruses infect cells, produce disease, and 
elicit immune responses in their vertebrate hosts. Such data will 
clarify the mode of transmission by their arthropod vectors. 

Studies have focused on alpha virus transcription. Viral minus 
strand RNA is the template of synthesis for two species of plus 
strand RNA—the 49S virion RNA and 26S messenger RNA. 
Minus strand synthesis is required to amplify virion RNA in 
infected cells. Minus strand RNA synthesis ceases at 3-4 hours 
post-infection even when viral non-structural proteins that com- 
prise the viral RNA dependent RNA polymerase continue to 
be synthesized at a high rate. This phenomenon appears to be 
due to “‘cis’” acting viral function restricted to a particular 
transcription complex and is not freely diffusable. 


Complementary DNA (cDNA) corresponding to the genes 
and coding viral glycoproteins of two temperature sensitive- 
mutants of Sindbis virus were sequenced. Work with mutants 
defective in transport of the glycoproteins from the rough en- 
doplasmic reticulum to the plasma mennbrane indicates that the 
signal for transport ts specified by the protein itself. This sug- 
gests that alincar domain im the protein ts not responsible for 
correct intracellular transport. The three dimensional protein 
conformation may be very important. The outcome of virus 
replication in arthropod cells frequently differs considerably 
from that of vertebrate cells. Hence. a fundamental understand- 
ing of virus-arthropod cell interactions ts important. Studies with 
dedes albopictus cells deficrem in the transport of adenosine 
and other nucleosides and certain of their analogs. suggests that 
in mosquito cells. as in mammalian cells. a single system 
transports ail nucleosides. The polypeptides of dengue type 2 
virus were studied in mammalian and mosquito cells. Eleven 
presumably virus specific proteims were found. ranging in 
molecular weight from 12K to 100K. More than 90% of the 
virion RNA-stimulated protem was suppressed by cap analogs. 
which indicates that translation ts initiated at cap-dependent sites. 
The mosquito system generates fewer discrete products than do 
mammalian systems. This suggests that there ts less premature 
(non-specific) termination of translation in this system. 

Other studies have investigated factors involved in persistent 
viral infection of Ac. albopictus cells. These cells have been 
infected with banzi virus, a flavivirus. and secrete a factor of 
low molecular weight that inhibits replication of this virus cither 
IN Mosquitos or in mammalian cells. Inhibition ts virus-specific 
and does not affect the replication of heterologous viruses. This 
factor 1s initially detectable when acute infection of mosquito 
cells evolves to a persistent infection. This factor neither hinders 
the attachment of the virus to mosquito cells. nor prevents 
penetration and uncoating 

Considerable progress has been made in the understanding 
of bunyavirus genetics. Bunyaviruses have three RNA species 
designated L (large). M (medium). and S (small). Viral recom- 
bination can be obtained only between members of the same 
scrogroup. LaCrosse virus isolates have been categorized into 
more than three genotypic varieties. but intertypic reassortants 
have been shown to occur only occasionally. Analysis of 
bunyaviruses showed that the S RNA codes for nucleoprotein 
and a non-structural protein. The M RNA codes for two 
glycoproteins and a second non-structural protein. The L RNA 
probably codes for a large protein present in virions believed 
to be the viral transcriptase. The M RNA determines both the 
transmission capabilities in the arthropod vector and the viral 
induced pathogenesis in vertebrate hosts. Monoclonal antibody 
studies with LaCrosse virus revealed that eight antigenic sites 
vccur on the GI glycoprotein. It appears that binding of an an- 
tibody to one of these antigenic sites allosterically alter the 
glycoprotein so that other sites become more accessible for anti- 
body binding. High frequency reassortment occurs in another 
virus with a segmented genome. i.c. Colorado tick fever virus 
of the orbivirus group. High frequency reassortment was 
demonstrated in vitro and in Dermacentor andersoni ticks, the 
natural vector of this virus. Reassortment was neerly random, 
although possibly some linkage uccurred especially mi vivo. Seg- 
ment reassortment allows for casy transfer of genes in nature 
and for genetic heterogeneity 

Considerable progress led to better understanding of the oc- 
currence and viral characteristics of the agents which cause 
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Korean hemorrhagic fever (hemorrhagic fever with renal syn- 
drome). In work reported at joint pane! meetings. Hantaan virus. 
the designated ctiologic agent of Korean hemorrhagic fever. was 
isolated in cell culture from clinical cases and wild rodents in 
Korea and Japan. This virus ts a bunyavirus. These observa- 
tions sumulated work elsewhere: related viruses have been 
islolated from rodents in the United States and Europe. These 
findings suggest a close association with rodents and worldwide 
distribution. Biochemical and antigenic analysis of these isolates 
indicate that they form a complex designated Hantaan virus 
group. 

Research sponsored by the U.S. panel led to better under- 
standing of Old World and African arenaviruses. GP-1 and 
GP-2 antigens of LCM and Lassa and Mozambique were 
studied. This work revealed definitive evidence of the conser- 
vation of genetic information coding for GP-2 among these three 
viruses and their close evolutionary links. 

Studies on pathogenesis of LCM virus showed that antigens 
are expressed in the brains of acutely infected mice. but the viral 
GP antigen diminishes to undetectable levels during the prog- 
ress of persistent infection. Such selective expression of viral 
glycoprotein may explain how virus is able to escape im- 
munorecognition in vivo, and establish persistent infection. 

Progress in molecular arbovirology now provides useful tools 
for study of arbovirus pathogenesis. St. Louis encephalitis and 
LaCrosse viruses attach at the neuro-muscular junction which 
may indicate the site of entry of these viruses into the peripheral 
nervous sysiem. There are specific receptor sites at synaptic 
regions, some of which are related to neurotransmitters. The 
G1 glycoprotein of LaCrosse virus carries an attachment site 
to fibroblasts and erythrocytes. Also. differences between 
virulence of LaCrosse and Tahyna viruses may reside in their 
ability to replicate in striated and cardiac muscle. This activity 
resides in the M RNA segment, as a determinant of LaCrosse 
virus virulence 

New approaches were applied to improvement of arbovirus 
diagnosis. Monoclonal antibodies and ELISA tests were adapted 
to systems for carly and rapid diagnosis and identification of 
viruses. ELISA functioned well for Rift Valley Fever and cor- 
related with neutralization tests of post-vaccination human sera. 
The ELISA was broadly cross-reactive with human and mouse 
immune sera to other phicboviruses. An 8-minute latex ag- 
glutination test, used in rubella diagnosis. adapted to arboviruses 
is a more rapid and sensitive reaction in pools of mosquitoes. 
Correlation was excellent with eastern equine encephalitis and 
Highlands J viruses when compared to conventional techniques 
applied to field specimens. The ELISA technique also detected 
LaCrosse virus antigen im one infected mosquito in a pool of 
100 individuals. It was specific and distinguished between 
closely related California group viruses. This test is rapid, 
specific and sensitive. 

A variety of research projects have provided better 
understanding of the relationship of arthropod-borne viruses and 
their vector mosquitoes. To explain the absence of yellow fever 
virus in southeast Asia, populations of Ae. aegypti trom this 
region were tested for susceptibility to yellow fever virus. Mos- 
quitoes from this region of the world were as susceptible and 
competent vectors as most Ae. aegypti populations from yellow 
fever endemic areas from Africa and South America. Thus. 
geographic differences and vector competence do not appear 
to be responsible for the absence of yellow fever in southeast 
Asia. In other studies on vellow fever virus transmission. 





Haemagogus equinus which fed on yellow fever virus in blood- 
soaked pledgets were less easily infected than those fed on 
viremic monkeys. These mosquitoes captured from the field late 
in the season were slightly more easily infected than early season 
mosquitoes captured at the same site. This phenomenon would 
favor amplification as an epizootic builds and transmission ac- 
celerates. Interestingly . transovarial transmission of yellow fever 
virus was demonstrated experimentally in H. equinus. 

The vector efficiency of Culex pipiens and Cx. quin- 
quefasciatus was markedly different when tested with St. Louis 
encephalitis viral strains from four different geographical 
regions. Overall, however, Cr. pipiens is a better vector of St. 
Louis encephalitis virus than is Cx. guinquefasciatus. Other ex- 
periments indicated that five strains of St. Louis encephalitis 
virus isolated in California from 1950 to 1963 were transmitted 
by Cx. guinguefasciatus more efficiently than were two strains 
isolated in the 1970s. In other evaluations, female Cx. tarsalis 
collected in May were approximately tenfold more susceptible 
to infection with western equine encephalitis virus than were 
those collected in mid-summer. Attempts were made to in- 
troduce an autosomal genetic mutation into a field population 
of Cx. tarsalis at an isolated site, to determine if this gene would 
persist. Phenotypic frequency declined rapidly following the ver- 
nal increase of the native mosquito population, but males 
heterozygous for the trait were recovered throughout the sum- 
mer and early fall. 

Other studies with dengue virus and aedine species other than 
Ac. aegypti showed a new world species, Aedes (Gymnometopa 
mediovitatus), occupies the same general ecologic niche as Ac. 
acgypti, and bites man readily. It is susceptible to oral infec- 
tion with dengue | virus and is more susceptible to dengue 2 
virus infection than a highly susceptible strain of Ae. aegypti. 
Of particular interest is the demonstration of transovarial 
transmission of dengue virus in Ae. mediovitatus. it showed the 
highest overall filial infection rates observed for any flavivirus 
including recorded rates for Aedes aegypti with all four dengue 
types. 

Results from other experiments demonstrate transovarial 
transmission of Japanese encephalitis virus in Cx. tritaeniorhyn- 
chus, results were erratic. Filial infection rates were relatively 
high but widely variable, ranging from 0 to 37%. This suggests 
that transovarial transmission may be influenced by vector 
genetics and one might select subpopulations of mosquitoes 
which show high transovarial transmission rates. The most com- 
plete understanding of transovarial transmission came from ecx- 
periments with LaCrosse and other California group 
bunyaviruses. Transovarial transmission of LaCrosse virus was 
highly efficient in Ae. triseriatus, and is the mechanism by which 
the virus overwinters and persists for long periods in endemic 
foci. However, transovarial transmission does not occur in all 
of the progeny. Venereal transmission from infected male mos- 
quitoes to susceptible females, and horizontal transmission to 
and from small forest mammals supplements the basic 
mainienance cycle in transovarially infected mosquitoes. Move- 
ment of the vector mosquito is relatively limited and may ex 
plain the occurrence of the virus in sharply delineated foci. Re- 
cent studies showed some movement across open fields and 
along brushy fence lines. These movements probably account 
for local recolonization of areas by Ae. triseriatus, and probably 
serve to establish persistent LAC virus foci in close contact with 
humans. 


Host-virus-vector studies were conducted in the neotropics. 
The relationship of Venezuclan equine encephalitis (VEE) virus 
to vector mosquitoes has been ascertained. Epidemic strains of 
VEE virus cannot cross the mesenteronal barrier in Cx. 
(Melanoconion) taeniopus from Central America. This species 
is the natural vector of the endemic IE strain of VEE virus. for 
which there is no mesenteronal barrier. Virus disseminates 
throughout the mosquito and is efficiently transmitted by 11. 
Other tropical studies documented the occurrence of St. Lours 
encephalitis (SLE) virus in Panama. The virus occurs in birds 
and is efficiently transmitted by the same species of mosquitocs 
that transmitted in temperate North America (Cx. pipiens quin- 
quefasciatus) experimentally. Yet there ts not evidence of human 


illness in this area. unlike the situation in more temperate Zoncs. 
Viral Gastroenteritis 


Progress in classification and understanding of rotaviruses and 
their structure. composition, and function was rapid. Swift prog- 
ress was largely due to stimulating research reports presented 
at joint panel meetings. constant communication between U.S. 
and Japanese rotavirologists, and active collaboration with the 
exchange of information, reagents and scientists. A review of 
the last 5 years of joint panel presentations shows many major 
advances. A cell culture system was developed and rapidly 
employed to isolate rotaviruses and characterize them. A refine- 
ment of the cell culture system employing trypsin treatment has 
resulted in high virus yields. This large scale in wiro cultiva- 
tion system permitted characterization of growth and analysis 
of purified structural polypeptides. Five proteins with molecular 
weights ranging from 41K-116K are components of the inner 
shell and four proteins with molecular weights ranging from 
27K-60K are components of the outer shell. Rotavirus neutraliz- 
ing antigen contains type specific and type common deter- 
minants. Both segment 3 and segment 9 products are involved 
in type specific neutralization and the function and complemen- 
tarity of the 11 rotavirus segments have been demonstrated, 
reassortment occurs. A mouse model to study homologous and 
heterologous immune responses to rotavirus infection is being 
developed. 

Other viral agents which cause gastroentcritis are being 
isolated, and characterized and their epidemiologies studied. The 
Norwak agent is a common cause of outbreaks of gastroenteritis 
in the United States; by early childhood antibody to this agent 
is found throughout the world in high frequency. The newly 
described Snow Mountain agent is being characterized. It is mor- 
phologically similar to Norwak and Hawaii agents but ts an- 
tigenically distinct. A sensitive radioummunoassay for Snow 
Mountain agent detects virus particles and soluble antigens in 
stool specimens from acutely ill patients. The prevalence of 
Snow Mountain agent antibody appears to be similar to that of 
Norwak agent. Antibody is acquired late im childhood: 
prevalence is approximately 60% in selected adult populations 
through the United States. 


Rabies 


The development of human diploid cell inactivated rabies virus 
vaccines, and more effective killed and live attenuated animal 
vaccines stimulated interest in evaluation of rabies virus antigens 
and the relationship of these antigens to human protection. The 
rabies virus glycoprotein gene indicates that a polypeptide of 
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524 amino acids is translated from messenger RNA. The first 
19 amino acids form a single polypeptde cleaved from the 
glycoprotein. Amino acid sequence predicts three carbohydrate 
attachment sites on the glycoprotein located on the N terminal 
(exposed) side of the proposed transmembrane segment. A 
relatively long sequence of 44 amino acids which extend in- 
ward from the presumptive transmembrane domain to the C ter- 
minal may provide a site for strong interaction wath the inter- 
nal viral matrix and nucleocapsid proteins. Antigenic studies 
show the existence of at least three distinct sites on the rabies 
virus glycoprotein. Epitope maps were constructed that opera- 
uionally define antigenic sites on vinion glycoprotein of two fixed 
rabies virus strains, ERA and challenge virus standard (CVS). 
These studies showed a minimum of four antigenic sites in cach 
strain although the patterns of complementary antibody -variant 
virus groups were not identical for the two strains. Three of 
the antigenic sites in CVS and four in ERA straims appeared 
to be functionally independent. Mutations in the glycoprotein 
gene of rabies viruses possessing antigenically distinct glycopro- 
tein were mapped by DNA sequence analysis. This ts based on 
monoclonal antibody reactions. Mutations in the nucleotide se- 
quence, resulting in amino acid substitutions that alter the bind- 
ing of the neutralizing antibodies of the glycoprotein. were iden- 
tified in ERA and CVS rabies strain variants. A mutation was 
located in the non-pathogenic variant glycoprotein gene which 
confirmed the amino acid substitution at position 333 of the 
molecule. Identification of a mutation presumably responsible 
for a change in molecular conformation apneared to alter 
glycosylation in a CVS variant at one carbohydrate attachment 
site. Other antigenic evaluations were made with Mokola, a 
related rabies virus from Zimbabwe. This virus was responsi- 
ble for the first rabies-like epidemic in dogs and cats. Conven- 
tional rabies vaccines do not protect against infection with 
Mokola virus. 

Viral and immune components involved in rabies pathogenesis 
are under study. The role of rabies viral antigens in the cytotoxic 
T lymphocyte (CTL) response was evaluated in mice. Rabies 
virus glycoprotein induces CTL but only when incorporated into 
virosomes. One small region of the glycoprotein accounts for 
this stimulatory activity. Some rabies strains cause generalized 
suppression of T lymphocyte response. with similarities to ac- 
quired immunodeficiency syndrome (AIDS) in humans. Specific 
rabies virus recognition sites on the surface of susceptible cells 
were characterized. Discrete binding sites are on the plasma 
membrane of cells. Purified rabies glycoprotein alone binds non- 
specifically to cells. 

The spread of rabies virus through the nervous system was 
studied. Single rabies virus-like particles were frequently found 
on the post-synaptic side of the neuromuscular junction cither 


free or enclosed in small vacuoles located at the periphery of 


the junctional folds. Later, rabies virus antigen was detected 
by immunoelectron microscopy in neuromuscular junctions and 
in axons of the peripheral nervous system. Degenerative changes 
occurred 5 days after inoculation involving the pre-synaptic cle- 
ment. Morphologic disorder of junctional folds themselves were 
found in several instances where the nerve terminal had 
undergone complete dissolution. Immune and/or phagocytic 
cells were detected in the extracellular spaces at the 
neuromuscular junction. In addition, there were macrophages 
in developing cells that had undergone degenerative changes. 
In the central nervous system, neuronal cell bodies were intact 
with few immune or phagocytic cells nearby. However, cellular 
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processes degenerated with massive accumulation of matrices 
and intact particles. In many imstances. womune and/or 
phagocytic cells surrounded these processes. Viral proteins oc- 
cur on the surface of neurons. limited to synpatic regions often 
near budding virions. In dentritic processes. tsolated viral pro- 
teins are apparently transported im association with microtubules. 

To understand the dynamics of rabies virus-cell interactions. 
studies were directed to defective interfering particles. These 
particles are commonly associated wath cells persistently infected 
with this virus. These persistently infected cells constantly pro- 
duce large amounts of intracellular viral cores that contain viral 
RNA genes with a coat protem associated with viral replica- 
tion enzymes. Only 2 small percentage of full-size infectious 
rabies virions are produced. This confirms that defective in- 
terfering particle nucleocapsids regulate in vitro rabies replica- 
tion during years of persistence. The relative proportion of virus 
nucleocapsid and DI particle nucleocapsid within persistently 
infected cells constantly changes. Replication of infectious virus 
is always lowest when DI particle nucleocapsid levels are at 
the peak of their cycle. and vice versa 


FUTURE GOALS 
Dengue and Other Arboviruses 


The classic form of dengue fever and hemorrhagic fever/shock 
syndrome. a current problem in southeast Asia. has appeared 
in the American Tropics. Although there are two working 
hypotheses to explain hemorrhagic fever with shock. additional 
work is needed on the fundamental virology and im- 
munopathology of this important disorder. Japanese encephalitis 
virus continues to cause epidemics in substantial numbers in 
southeast Asia and China. St. Louts encephalitis and other 
arthropod-borne viruses are a human health problem in the 
Western Hemisphere. The molecular biology. pathogenesis and 
epidemiology of these viruses must be clarified in order to pro- 
vide fundamental information. This ts required before effective 
control measures can be developed and implemented. 

Development of efiective vaccines requires an understanding 
of the synthesis of structural and non-structural viral proteims. 
their action in virus replication and their interaction with im- 
mune systems. An understanding of pathogenesis necessitates 
further research on cellular receptors and replicative 
mechanisms as the basis of tissue tropism and damage. and 
virulence factors. 

The dissemination and maintenance of arboviruses in nature 
must rest on a deeper understanding of host-virus-vector rela- 
tionships. Studies on infection of arthropods by arboviruses. 
and vector genetics should advance relatively rapidly, depend- 
ing in large part on newer molecular techniques directed toward 
answering questions. The role of transovarial transmission needs 
to be extended from the laboratory to the ficld with respect to 
its significance in natural maintenance of flaviviruses, alpha 
viruses and bunyaviruses. The dynamics of vector and host 
populations needs to be better quantified, as does further 
measurement of environmental effects on arboviral infection in 
mosquito vectors and vertebrate hosts. 


Viral Gastroenteritis 


The importance of rotaviruses and Norwalk-like agents as 
etiologic agents in viral gastroenteritis is sufficiently well 





documented to justify vigorous research aimed at development 
of vaccines. Additional work ts needed on the structural and 
non-structural proteins of these viruses. and thei antigenic 
specificity. Further work ts needed on immunology of the gut. 
m order to develop effective mechanisms to deliver antigens 
to Immunoresponsive sites. Antigens must be in a form that will 
sMumulate immunity of sufficient duration and breadth to pre- 
vent clinical illness. Development of feasible animal models will 
be required. Further molecular studics on rotavirus recombina- 
won May prove essential in developing a spectrum of antigens 
that can avoid vaccine failures duc to viral recombination. Ad- 
ditional work on the characterization of Norwalk-like agents 
ts also needed. Epidemmological studics must be directed to viral 
gastroenteritis in the developing (especially tropical) world im 
order to determine the specific chology. umes of occurrence. 
morbidity and mortality. This data will help clarify whether can- 
didate vaccines developed for the industrial countries are sustabie 
for prevention of disease in those developing countries, with 
wentified populations at highest risk. 


Rabies 

Rabies is an important public health problem m North 
America and ts a significamt cconomic problem in domestic 
animals in developing countries, especially in Latin America. 
Further evaluation of antigenic variation of rabies virus 
glycoproteims ts essential for development of vaccines that pro- 
vide good protection for reasonable periods of ume. The 
development of safe and effective oral vaccines for dogs and 
cats and for wildlife ts as urgently needed as ever. Research. 
suspended duc to an unfortunate laboratory accident. should be 
resumed and pursued with vigor. Development of small-scale. 
simple rabies vaccine systems for production in developing 
countnes merits serious consideration. Additional studies on the 
pathogenesis of rabies infection is needed. In spite of better 
knowledge of the mechanism by which rabies virus reaches and 
disseminates in the nervous system, such work should be cx- 
panded. This will provide the insight necessary for improved 
therapy and better information on the illness aself. The develop- 
ment of effective chemotherapy is a long term goal. Advances 
will require a more compicte understanding of the biochemistry 
of rabies virus infection, cellular interactions, further insights 
imto pathogenesis Caused by virus replication and host-immune 
reponscs to i 
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Barry Beaty 
Colorado State University 
Fort Collins 


David H. Bishop 
University of Alabama 
Birmingham 


Margo A. Brinton 
Wistar Institute 
Philadelphia 


Dennis T. Brown 
University of Texas 
Austin 


Rise K. Cross 
Sloan-Kettering Institute for 
Cancer Research 
New York City 


Gene DeFouart 
University of Wisconsin 
Madison 


Title 


Bunyavirus reassortants in vectors 


Genetic and molecular studies of bunyaviruses 


Cellular gene product modulates flavivirus RNA 
synthesis 


Arbovirus growth im cultured insect cells 


Development of a virus membrane 


Togavirus RNA replication: role of viral proteins 


Transmission and control of California-group viruses 





Investigator and Institution 


William F. Scherer 
and 

Robert W. Dickerman 
Cornell Medical School 
New York City 


Raphac! Dolin 
University of Rochester 


Rochester, N.Y 


Harry B. Greenberg 
Stanford University 
Palo Alto 


Paul Grimstad 
University of Notre Dame 
Notre Dame. Indiana 


James Hardy 
and 

William C. Reeves 
University of California 
Berkeley 


John Holland 
University of California 
La Jolla 


Robert E. Johnston 
North Carolina State University 
Raleigh 


Laura Kingsford 
California State University 
Long Beach 


Hilary Koprowski 
Wistar Institute 
Philadelphia 


Andrew Main 
Yale University 
New Haven 


Neal Nathanson 
University of Pennsylvania 
Philadelphia 


Robert Ramig 
Baylor School of Medicine 
Houston 


Leon Rosen 
University of Hawai at Manora 
Honolulu 


Tule 


Ecology of endemic and epidemic strains of 
Venezucian equine cncephalitis virus 


Studies of Norwalk-like agents of viral gastroenteritis 


Viral gastroenteritis: basis of virulence and 


protection 


Ecology of vectors of Jamestown Canyon virus 


Ecology and control of arboviruses 


Synthesis im normal and virus-infected cells 


Early Sindbas proteims in lytic and persistent infections 


Molecular mechanisms of virus neutralization 


Studies of rabies and rabies virus antigens 


World reference center for arboviruscs 


Molecular basis of bunyavirus virulence 


Genetecs of the rotavirus 


Transovarial transmission of encephalitis viruses and 
dengue viruses; also Acdine eggs. Toxorhyncites., 
and arboviruses 





Investigator and Institution Title 


Donald Rubin Reovirus: gastroimtestinal infection and mnmunisty 
University of Pennsylvania 
Philadelphia 


Dorothea Sawicki Regulation of alphavirus transcription 
Medical College of Ohio 
Toledo 


R. Walter Schiesinger Arbovirus replication in mosquito and vertebrate cells 


and 
Victor Stollar 
Rutgers University 


Robert Schloemer Persistent viral infection im mosquito cells 
indiana University 
Indianapolis 


Robert Shope Control of arbovirus infections in man 
Yale University 
New Haven 


James Strauss Togavirus replication strategies and evolution 


California Institute of Technology 
Pasadena 


Gregory Tignor Rabies scrogroup viruses: immunopathology 
Yale University 
New Haven 


William H. Wunner Cell membrane receptors for rabies virus and 
Wistar Institute nucleotide sequences encoding antigenic sites 
Philadelphia 


Thomas M. Yuill Wildlife reservoirs of arboviruses 


University of Wisconsin 
Madison 
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Joint Scientific Conferences 


VIRAL DISEASES PANELS 


Date: November 17-19, 1980 


Place: Oijso, Japan 

Subject: The Japanese Viral Disease Panel hosted the 14th Jomi 
Working Conference on Viral Diseases on November 17-19. 
1980 at the seaside Oiso Prince Hote! in Oiso. The first day 
of the scientific program included virus-vector relationships of 
arboviruses, status of dengue vaccines, characterization of 
dengue virus types by nucleic acid fingerprinting. and immunc 
responses to a Japanese encephalitis vaccine in children. The 
arbovirus session ended with a round table discussion on 
Japanese encephalitis vaccines. Scientific presentations on the 
topic of viral gastroenteritis filled most of the second day. There 
were reports of small outbreaks of gastroenteritis in 
schoolchildren and adults with characterization of virus particles 
isolated from these outbreaks. The new technology of viral RNA 
reassortment was reported to be successfully demonstrated with 
rotaviruses and recent advances in the serotyping of rotaviruses 
were aired. The session ended with a roundtable discussion on 
approaches to immunization with human rotaviruses. 

Recent advances also were presented on the characteri’ation 
and biology of Hantaan virus, the ctiologic agent of Korean 
hemorrhagic fever (hemorrhagic fever with renal syndrome) and 
on the efficacy of antiviral drugs against Lassa fever virus. The 
closing scientific presentations were on rabies virus and its ac- 
tivity in mice. A roundtable discussion on persistent viral in- 
fections followed. 


Date: November 9-11, 1981 


Place: Bethesda, Maryland 

Subject: The United States Viral Diseases panel hosted the 1 Sth 
Joint Working Conference on Viral Diseases at the National 
Institutes of Health in Bethesda, Maryland on November 9-11, 
1981. The first day of the conference centered on arbovirus 
research with 11 individual presentations. On the second day 


progress in rabies research was highlighted by presentations of 


approaches to molecular cloning of rabies virus genes, antigenic 
variations of rabies virus and cell mediated immune responses 
to rabies virus infections. Also, brief special reviews were 
presented on nosocomial hazards of Lassa and Ebola virus in- 
fections and on scrapies, an unconventional virus. 

A most remarkable breakthrough in the successful cultiva- 
tion of human rotaviruses in cell cultures was reported by 
Japanese investigators in the session on viral gastroenteritis. This 
exciting advance electrified the conference because it assured 
a much faster pace of research on these fastidious viruses. Fur- 
ther progress on serotyping of rotaviruses was reported. It is 
noteworthy that collaborative efforts that had been initiated be- 


tween Japanese and American imvestigators through the 
USCMSP were accelerating the pace of research on rotaviruses 
in both countrics. 


Date: July 19-21, 1982 


Mace: Tokyo, Japan 

Surzmary: The review of the Viral Diseases Panels by the Joint 
Commitice was initiated as the Panels held their 16th Working 
Conference on rabies, arboviruses, Korean hemorrhagic fever 
and viral gastroenteritis in Tokyo on July 19-21, 1982. Introduc- 
tory remarks acknowledged the death of Dr. William Scherer. 
former Chairman of the U.S. Panel. The scientific sessions 
began with || presentations on viral gastroenteritis. Con- 
siderable emphasis focused on the proteins of rotaviruses as the 
new technologies opened new approaches to study these viruses 

A single report on the prevalence of Reye's Syndrome in Japan 
and reviews of Creutzfeld-Jacob disease and of Visna virus were 
presented as special topics. The session on rabies covered four 
presentations including one on a rabies vaccine of suckling 
mouse brain origin developed by a Japanes. investigator. The 
final session was devoted to 13 presentations on arboviruses. 
Roundtable discussions followed cach of the major scientific 
Sessions. 


Date: September 7-9, 1983 
Place: San Diego, California 
Subject: The 17th Joint Panel Meeting was hosted by the U.S. 


Panel at the University of California, San Dicgo on September 
7-9, 1983 at the LaJolla, California campus. The opening ses- 
sion included 10 presentations on arboviruses and revealed the 
impact of the new molecular virological techniques on arboviral 
research. A session on hemorrhagic fever with renal syndrome 
(HFRS) revealed that viruses related to Hantaan virus are found 
in rodents in many areas of the world. The session on viral 
gastroenteritis covered 14 presentations. Again this year, 
serotyping of rotaviruses was a prominent topic and reempha- 
sized the collaboration between Japanese and American in- 
vestigators. The last session was on rabies and was introduced 
by a memorial lecture in honor of Dr. Seiichi Matsumoto, a 
member of the Japanese Panel and Dr. Akita Kondo, also a 
renowned contributor to rabies research and participant in the 
U.S.-Japan CMSP. Both met untimely deaths this year. 
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Date: September 9-11, 1984 
Place: Orso, Japan 


Subject: The 18th Joint Panel Mecting on Viral Diseases was 
held in Oiso, Japan on September 9-11. 1984. The opening ses- 
sion on viral gastroenteritis comprised | 1 presentations which 
engendescd lively discussions by many of the participants. The 
advances in rotavirus research toward devclopment of rotavirus 
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vaccines were remarkable. The session on rabies included four 
presentations followed by a provocative roundtable discussion 
on future directions in rabies virus research. A special lecture 
in the program concerned viral diseases of veterinary mmpor- 
tance. The final session included scientific presentations on 
HFRS and arboviruses and was followed by a roundtable discus- 
sion on future directions in bunyavirus research. The entire 
working conference was characterized b, spontaneous yet 
thoughtfui discussion and interaction by participants of both 


countries 
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Japanese Immunology Board 


BROAD GOALS 


Immunology has made rapid advances in the last decade. The 
recent application of the techniques of somatic cell hybridiza- 
tion, molecular genetics. and long-term culture of immuno- 
competent cells to the study of the immune system had led to 
an unprecedented increase in our understanding of this field. 
Such progress in fundamental immunology has the potential to 
revolutionize the diagnosis. treatment. and prevention of im- 
munologic and infectious diseases. including those being studied 
under the auspices of the U.S.-Japan Cooperative Medical 
Science Program. Long-term objectives of the Immunology 
Board are to elucidate the cellular and molecular mechanisms 
of the immune response and to define effective approaches for 
the manipulation of the immune system. 

To achieve these objectives, the Board will focus its concern 
on the following research areas: 


1. Molecular studies of the genetic organization of the lym- 
phoid system. 

2. Cellular and molecular studies of lymphocyte activation. 
proliferation. and differentiation. 

3. Immunogenetic approaches to the study of lymphocyte 
interactions, with emphasis on the role of histocom- 
patibility gene products in the regulation of the immune 
response. 

4. Cellular and molecular studies of the regulation of the 
immune response, with emphasis on diagnosis, therapy. 
and prevention of diseases involving disordered immune 
function or affected by the immune response. 

5. Application of techniques for the development of stable 
cell lines and of somatic cell hybrids to the study of the 
regulation of lymphocyte activation and function and to 
the preparation of monoclonal antibodies, lymphocyte 
receptors, and both specific and non-specific lymphocyte 
products. 

6. Mechanisms to support the interaction of immunologists 
and the exchange of information and material between 
the two countries. 


PROGRESS IN PRIORITY AREAS 


Extensive studies in the research areas described above have 
contributed much new information. 


Studies of the Genes Involved in the 
Immune System 


Identification of the gene coding jor the membrane domain of 
leG molecules 


Analysis of the genes for lgG!, IgG2a, and IgGb revealed 
that the gene coding for IgG consisted of 4 exons atid 2 mem 
brane exons. In the membrane domain, there is an extremely 
hydrophobic amino acid sequence which may be buried in lipid 


bilayers. The structure of this membrane domain was shown 
to be conserved between several immunoglobulin isotypes. sug- 
gesting its interaction with a certain common protein molecule. 


Structural analysis of human epsilon gene and identification of 
pseudogenes 


Three epsilon genes. including two pscudogenes. were nicn- 
tified. The first pscudogene deleted 5° portion of epsilon struc- 
tural gene. and the second pscudogene was the processed gene 
which had completely lost introns. The LTR sequence was 
detected in the 5° and 3° ends of this pscudogenc. suggesting 
that mRNA of epsilon gene was transcribed into DNA by reverse 
transcriptase and integrated into the host genome 


Molecular mechanism of the commitment of antigen-specificity 
at pre-B cell stage 


Pre-B cell lines. which were able to differentiate from mu 
to mu” stage during in vitro culture. were established by 
Abelson leukemia virus. By the analysis of the immunoglobulin 
genes of these pre-B cell lines. 1 was shown that the commt- 
mem of the specificity occurred by two-step DNA rear- 
rangements, such as from DJ joming to functional VC! 
formation 


Molecular cloning and expression of the gene coding for IL-2 
receplor 


Interleukin-2 (IL-2) receptor protein has been purified from 
membrane fractions of a HTLV (human T cell leukemia virus) 
transformed T cell line by affinay chromotography with anti- 
Tac antibody. Partial amino acid sequence has been determined 
and an IL-2 receptor gene has been cloned. As the genes for 
IL-2 and IL-2 receptor have been clowed. it ts now possible 
to analyze T cell responses at the molecular lev-; 


Studies on the Activation, Proliferst'sn, and 
Differentiation of Lymphocytes 


It has been demonstrated that the process of differentiation 
of B cells into immunoglobulin secreting cells can be dissected 
into three steps. i.c.. activation, proliferation. and differentia- 
tion. Involvement of B cell specific growth and differentiation 
factors in the processes of proliferation and dificrentiation ana 
the presence of two differem kinds of B cell specific growth 
factors have been demonstrated. Human B cell specific differen 
tiation factor has been purified to an apparent homogeneity by 
using an HTLV-transformed T ceil line which can secrete a 
relatively large amount of B cell differentiation factor. In a 
murine system, a T hybrid cell line has been established which 
secretes B cell specific differentiation factor. Involvement of 
B cell specific growth factor and two B cell specific differen: 
tiation factors in the induction of Ig secretion in murine B cells 
has been demonstrated. A stram. DBA/2Ha. showed a low 
responsiveness to B cell specific differentiation factor(s). this 
low responsiveness was shown to be linked with a recessive 
gene on the X chromosome and to be duc to insensitivity of 
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the receptor molecules to B cell specific differentiation factor(s). 
By employing this defective stram. a monoclonal antibody that 
recognizes receptor molecules has been prepared permutting 
receptor molecules to be highly purified. SDS-PAGE analysis 
showed that receptor molecules were dimers consisting of two 
subunits of 60 k daltons. 


Immunogenetic Studies of Lymphocyte 
Interactions 


Immune responses are regulated by inicractions between lym- 
phocytes with distinct functions. Mutual recognition (or sclf 
recognition) of lymphocytes ts required for the activation of the 
immune circuits. In order to analyze the molecules involved 
in self recognition, several helper. or suppressor T hybridomas 
that are involved in MHC (Major Histocompatibility C: »mpile«)- 
restricted immune regulations have been established 
Monoclonal antibodies that react specificaily wath helper or sup- 
pressor T hybridomas have been prepared. By employing these 
hybridomas and monoclonal antibodies. molecules responsible 
tor self recognition were identified. These molecules were not 
the products of MHC. but involved in the recognition of self- 
MHC molecules. 

Genetic control of human immune responses was studied by 
employing cedar pollen and cell wall antigens of staphylococci 
ang Schistosoma japonicum. The presence of an HLA-linked 
immune suppressor gene has been suggested. This immune sup- 
pressor gene exerts its effect by inducing suppressor T cells 


ACHIEVEMENT OF IMMUNOLOGY BOARD 
DURING THESE 4 YEARS 


Four years have passed since establishment of the Im- 
munology Board. During these years. immunology experienced 
a revolutionary change as a result of the introductica of new 
procedures, such as recombinant DNA and hybridoma 
technologies. The isolation and gene cloning of important 
molecules involved in the immune system have contributed to 
the molecular analysis of the immune response. Such advances 
in basic immunology are now being applied to the diagnosis 
and treatment of s veral immune disorders, infectious diseases. 
and malignancies 

The preparation by the application of cell hybridization of 
several monoclonal antibodies that rocognize lymphocyte subsets 
or cancer cells has provided powerful tools fer the diagnosis 
of immune disorders and cancer. In this cooperative study, a 
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monoclonal antibody against IL-2 receptor facilitated the rsola- 
tion and molecular cloning of the IL-2 receptor gene 

Recombinant DNA technology has made u possibic to clone 
the genes for several immunoregulatory molecules. such as IL-2 
and gamma-IFN. and their receptors on target cells and to 
understand the regulatory mechanisms of lymphocyte activa- 
won at the molecular level. These and other achuevements im 
molecular immunology will be applied to the diagnosis and treat- 
mem of several immune disorders. infectious discases. and 
cancer im the near future 

As described. immunology has contributed new information 
that can now be applied to the diagnosis and treatment of the 
diseases of particular interest to the U_S.-Japan Cooperative 
Medical Science Program. In addition. the studics supported 
by the U.S. -Japan Immunology Board have played an essential 
role in ummunology in Japan. The immunology course held in 
1983 at Susono City under the auspices of this Board contributed 
very much to the the traiming of young Japanese immunologists 


FUTURE GOALS 


Molecules that regulate the immune system will be obtained 
one after another by the application of recombinant DNA 
technology. By employing such homogencous molecules. their 
role im the wmmune system will be clucidated and improved 
diagnosis and treatment of diseases caused by immune disorders 
made possible 


PROJECTS SUPPORTED BY THE PROGRAM 


1. Organization and rearrangement of wmmunoglobulin 

genes 

Molecular cloning and expression of IL-2 receptor genes 

Cellular and molecular studies of B cell growth and 

differentiation. 

4. Purification and immunological characterization of B cell 
differentiation factor 

S__Isolation and characterization of macrophage-derived 
lymphocyte activating factors 

6. Immunological and molecular characterization of antigen- 

specific suppressor factor 

Studies on the circuits of imraune suppression 

Studies on the human immune suppression genes 

9. Immunological studies on autoummune discases 
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genetics. and long term culture of mmmunocompetent cells ap- 
pled to studies of the mmmunc system has caused an un- 
precedented mcreasc m our understanding of this ficld. Such 
progress im fundamental mmmunology has the potential to revolu- 
thomze approaches to the diagnosis. treatment. and prevention 
of mmmunologic and infectious diseases. including those cond. 
tions studied under the auspices of the US-Japan Cooperative 
Medical Science Program 

Consequently . the Jount Commuttee agreed that a long-term 
goal of the Immunology Board should be the study and clucida- 
thon of cellular and molecular mechanisms of the mmmunc 
response and the definition of effective approaches to the 
mamipulation of the mmmunc system 

In order to achieve these goals. the Board will focus ms con- 
cern on the followmge arcas 


© Molecular studies of the genetic organization of the lym- 
phond system 

© Cellular and molecular studies of lymphocyte activation, 
proliferation and differentiation 

© Imrnmounogenctx: approaches to the study of lymphocyte 
imfterachons. with emphasis on the role of hrtacompatebel:. 
ty gene products m the regulation of the mmmune response 

© Cellular and molecular studies of the regulation of the wm- 
mune response. with emphasis on diagnosis. therapy . and 
prevention of diseases mvolvine both disordered mmmunc 
function of affected by the wmmune response 

© Application of techmgues for the development of stable 
cell lines and somatic cell hybrids to the study of the 
regulation of lymphocyte activation and function and to 
the preparation of monacional antibodies. lymphocyte 
receptors, spocific and non-specific lymphacyte products 

© Mechanisms to support the interaction of mmunclogrets 
and the exchange of mmformation and materials between 
concerned workers m the two countries 


PROGRESS IN PRIORITY AREAS 


During the past 3% years, considerable progress has been 
made by U.. imvestigators m several of these arcas. This prog: 
ress 1s, to a large extent, attributable to the shift from descrip- 


trve to analytic approaches to studies of the mmmune phenomena 
The experimental ummunologist now has the capability to 
visualize and wolate specific cellular components of the mmmunc 
system for precise studies of the molecular mechanisms respon- 
sible for thew funcvonal activity Wah appropriate monaclonal 
amtibodies prepared by hybridoma technology . these cells can 
be identified and sampled using the fluorescence activated cell 
sorter. By suitable culture techmgues. the selected cells can be 
cloned and propagated im large volumes to provide a sufficsent 
supply of sub-cellular components for molecular characteriza- 
tion. Isolated fractions can be further defined by analytic tech- 
miques to provide detailed structural information and perme 
definition of the nucleotide sequence controlling the synthesis 
of mmportam cellular conststucnts. Using this information. rele- 
vam molecules can be synthesized im sufficient quantities and 
purity by recombinamt DNA technology to permit detailed 
studies of thei functional role m the mmmune system. Wath such 
capabilities. contemporary mmmunologists are imtensively ¢x- 
ploring the molecular biology of the mmmunc system m order 
to acquire a complete understanding of the system s normal and 
abnormal functions. 


DIFFERENTIATION AND MATURATION OF 
THE IMMUNE SYSTEM 


A full understanding of the ontogeny of mmmunocompetent 
cells 1s required for selective manmpulation of the mmmune system 
and for correcting imbalances and deficiencies in host defense 
mechanisms. Thus. definition of the origin. differentiation 
pathways. and functional roles of the various subpopulations 
of lymphocytes are the focus of considerable mvestigative cf. 
fort. Although i is certaim that one population is thymus m- 
dependem (B), its progenitors and mechanism of functional 
maturation are still not precisely identified Studies of T and 
B cell lineages have been greatly faciinated by the recognition 
that certamn lymphocyte surface molecules are characteristical- 
ly expressed at specific stages of differentiation and matura- 
tion and by the availability of specific monoclonal antibodies 
to identify these marker antigens 

Much emphasis is berg placed on B cell omtogeny because 
t has been recognized that events controlling the expression 
of mmmunogiobulin genes occur very carly m B cell develop- 
mem. providing the opportunity to wentify the genetic 
mechanism responsible for mmmunoglobulin synthesis and diver 
sity. Also, many climcally relevant abnormalities im antibody 
producing cells reflect defects which accur and become evident 
very carly m B cell differentiation Furthermore, monactonal 
antiboxhes that have heen developed agar phenotypic and furn 
tional markers which define a series of sequential steps in B 
cell differentiation can provide the means for separating and 
independently studying the characteristics and functions of cells 


at each developmental tage Transformed cell lines represent 
ing many of the stages of B ceti o:flerentiation also are avaslabic 


and hybridoma technology has p.ovided the opportunity to ar. 
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rest and maintain nor B cells at varying developmental 
stages. Its Ike! ai techniques for developing and maintain- 
ing clones of genetically unaltered B cells soon will be available. 

Using such approaches. considerable information concern- 
ing the regulation of B cell growth and differentiation has been 
obtained recently. It is now generally accepted that the 
developmental process leading from multipotential stem cells 
to pre-B cells to immature B lymphocytes bearing cell surface 
immunoglobulin (IgM) are genetically programmed and are not 
antigenically driven. Nevertheless. the respective roles of self 
or exogeneous antigens, mitogens, or T cell factors, in con- 
trast to intrinsic genetic programs in mediating succeeding steps 
in differentiation, particularly the expression of diverse im- 
munoglobulin isotypes. are less well defined. 

Analvsis of the expression of isotype diversity has contributed 
importantly to the development of current understanding of the 
process of B cell differentiation. Sequential changes in expres- 
sion of isotypes either in the cytoplasm or on the surface of B 
cells during ontogeny or after antigenic or mitogenic stimula- 
tion have served as the major phenotypic markers for discern- 
ing sequential steps in differentiation. In the recent past, the 
segment of mouse chromosome |2, which contains the family 
of genes encoding immunoglobulin heavy chains, has been 
analyzed in considerable depth and detail. The resulting infor- 
mation concerning the organization and structure of im- 
munoglobulin genes in their germ line configuration and the 
changes in context and content of these genes that accompany 
B cell differentiation, coupled with the biological understand- 
ing of the differentiation process, has provided the opportunity 
to gain a precise understanding of the molecular mechanisms 
which mediate the process. Experimental data indicate that 
development of isotype diversity is an intraclonal process that 
begins with expression of IgM by an immature B cell and leads 
to a family of plasma cells and memory B cells which express 
the same immunoglobulin light chains in conjunction with each 
of the different heavy chain isotypes. Current genetic evidence 
suggests that isotype switching is accomplished by chromosomal 
translocation of immunoglobulin gene complexes during dif- 
ferentiation. Further definition of the genetic mechanisms in- 
volved in immunoglobulin synthesis and isotype switching may 
soon provide experimental and clinical immunologists with the 
capabilities to genetically engineer the system as necessary to 
either enhance or abolish a specific immunoglobulin isotype. 
Recent demonstrations that the c-myc proto-oncogene is 
translocated 1 the immunoglobulin genetic region in some 
Burkitt's lymphoma and mouse myeloma cells have provided 
important clues to the regulation of cellular growth. 


GENETIC CONTROL OF THE IMMUNE 
SYSTEM 


Although the functional distinction of lymphocyte populations 
is convincingly documented, the purpose and mechanisms of 
their interactions with each other and with macrophages is still 
being examined. It is clear that B lymphocytes differentiate to 
become antibody-secreting plasma cells and that differentiated 
T lymphocyte subsets can exert helper or suppressor effects on 
B lymphocytes as well as effector functions in transplantation 
reactions and in cell-mediated immune reactions to various 
microbial agents. The cooperative and effector functions of T 
lymphocytes have been found to correlate well with the presence 


274 


of the cell surface Lyt antigens. It also 1s known that these func- 
tions are controlled and regulated by other cell surface antigens 
which are products of the genes of the major histocompatibil- 
ity complex (MHC). The regulatory role of MHC products and 
the functional roles of other cell surface antigens in the immune 
response have been defined most extensiveiy in the mouse. 
although systems analogous to the H-2 component of the murine 
MHC have been identified in other animals and man. 

Evidence obtained in several experimental systems has 
demonstrated convincingly that efficient physiological interac- 
tions among macrophages, T cells. and B cells require that these 
cells share membrane molecules encoded by the MHC. The 
genes controlling interactions between T and B lymphocytes are 
located in the I region of the mouse H-2 complex. Genetic 
restrictions are also imposed by products of I region on interac- 
tions between macrophages and immune T cells. 

The molecular basis for genetic restriction of the immune 
system is the subject of intense interest now that the technology 
of gene cloning has been applied to the MHC. The complete 
nucleotide sequence of several MHC genes has been determined 
and, within the immediate future, it is expected that the com- 
plete molecular structure of representatives of the major classes 
of MHC genes and the protein products encoded by these genes 
will be available. The structural definition of MHC gene prod- 
ucts will provide the opportunity to clarify the molecular basis 
of genetic restriction of immune responses, as well as of the 
cell-cell recognition process which can play a key role in 
transplantation, autoimmunity, and in resistance to a variety of 
infectious and neoplastic diseases. 


RF“SULATION OF THE IMMUNE SYSTEM 


Interest is focused on soluble immunoregulatory products of 
T lymphocytes. It is clear that soluble helper and suppressor 
factors are released by their respective cells and that these fac- 
tors are functional when added to antigen-stimulated cell 
cultures. The potential use of such soluble immunoregulatory 
factors in the intact host has served as a stimulus for study of 
the molecular nature and mechanisms of action of these fac- 
tors. The possibility of achieving immunoregulation with cellular 
products is exciting because it avoids the recognized complica- 
tions of attempted cell transfers. For this reason, among others, 
efforts to produce soluble immunoregulatory factors in large 
volumes and in relatively pure forms are increasing. Hybridoma 
technology is one possible approach which has met with some 
success in the murine system; a T suppressor hybridoma has 
been developed and its suppressor factor has been reported to 
possess functional and chemical properties identical to those of 
the parent suppressor T cell. Efforts to obtain molecular clones 
for these products are being vigorously pursued. 

Another active area in immunoregulation concerns the unique 
antigenic determinants or idiotypes associated with the variable 
regions of antibodies, receptors, and antigen-binding factors. 
These idiotypic markers constitute a target for the regulatory 
action of idiotype-specific antibodies, T lymphocytes and other 
soluble factors. Significant progress has been made recently in 
elucidating aspects of the regulatory process which involve 
idiotype/anti-idiotype interactions. Treatment of mice with anti- 
idiotype antibody has been demonstrated to abolish delayed-type 
hypersensitive reactivity by the action of suppressor T cells; 
certain antibody responses also have been found to be inhibited 











Dh treating mice with antendotype antibody. The unique 
specificity of anti-idiots pe antibodies adds to their potential for 
use 2s ummunoregulaton agents. Hy bndoma technology is now 
heing emploved to prepare monoclonal anti-idioty pe antibodies 
m quantity for subscquent investigation of thew immunoregu 
latory potential 

The related area concerning intericukins also ts recen ing con- 
siderable investigative attention. The interleukins are products 
™M stimulated cells that exert muluple biological effects and 
regulate ummunological and inflammatory host respoises by 
serving as utercellular messengers which modulate cellular 
tunctions. Their biological acti ties are immunologically non- 
specific and genetically unrestricted but have proven to be usectul 
to experimental ummunologists. Intericukin | has been shown 
to enhance B lymphoovtc antibody production. promote lympho- 
hinc production and augment thymecvic proliferation. In- 
terlcukin I has been demonstrated to have a aricts of biologi 
acuvitics including. among others. non-specific helper function. 
I cell growth promoting ability. and thymocyte maturation 
capability. B cell growth factor has a kev role in receptor 
simulated proliferation of B cells. As individual molecules are 
characterved. cflorts to prepare monoclonal antibodies against 
them and agaist their receptors for use as anti-inflammatorys 
agents are anticipated 

The most extensive study of the interleukins ts centered on 
the T cell growth promoting activity of Interleukin IL. The use 
of Interleukin I as T cell growth promoter has permitted a rapid- 
ly developing technology in this area. Cultures of cloned T cells 
are being developed for large scale production of T cells and 
products for investigative use. The availability of sufficient 
quantities of cultured T cell clones now permits the polation 
mM sub-celluilar components for biological and biochemical 
characterization. The clucidation of molecular mechanisms in- 
volved in recognition, restriction, and immunoregulation has 
been immensely accelerated through the availability of cloned 
T cell lines 

The past 2 sears have been especially notable for the tech- 
miques first developed for basic research on mechanisms of host 
defense that continue to be rapidly applied to methodology that 
provides usctul information about discase pathogenesis and new 
ideas tor disease treatment. Present regulation of the immune 
system at the clinical-therapeutic level continues to focus on 
“down-regulation” of apparent “hypersensitivity © with cor- 
thoosteronds, evtotoxice agents, and the new T lymphocyte sup- 
pressing agent. cyclosporine. Additionally . attempts to augment 
ummune responses with a new family of so-called biologic- 
response modifiers have been initiated. This development has 
occurred as a result of the availability of quantities of these com- 
pounds necessary for controlled clinical trials. Thus. potent im- 
munoregulatory compounds, like interleukins and interferons. 
s” far the most carefully investigated biologic-response 
modifiers, can be identified and mass produced in cloned tumor 
cells or in bacteria functioning under recombinant DNA 
technology 

Three tamilies of interferons, alpha, beta, and gamma, are 
produced by mammalian cells. including lymphocytes and 
tibroblasts when these cells are stemulated in the inflammatory 
process. These compounds have paradoxical effects, in that 
under different circumstances they can augment and suppress 
cellular immune function. Two important cell populations seem 
dependent on these compounds for their normal function 
Human monocyte-derived macrophages exert enhanced anti- 


nucrobial activity against intracellular pathogens. are primed 
tor tumoricidal activity . and release Interleukin | when exposed 
to interferons. Large lymphocytes wath distinctive cytoplasmic 
granules (natural killer cells). which seem to be of major um- 
portance in preventing disscmunation of neoplastic cells. viruses. 
and other intracellular pathogens. are activ ated to optimal tunc- 
tion by this family of compounds. Clinical tals using these com- 
pounds to attempt simulation of atiected cells are under way 
tor a Vanety of malignancies. including acquired immune defi- 
crenes syadrome (AIDS) with opportunistic infection of 
Kaposi's sarcoma. malignant melanoma. and viral diseases in- 
cluding disseminated herpes simplex. Some malignancies. such 
as hairy -cell leukemia and several viral infections. seem very 
responsive to interferons. although large clinical trials are re- 
quired to substantiate the preliminary data presently available 

Another tamily of biologic-response modifiers. the in- 
terleukins. have a variety of functions. but on the whole scem 
to up-regulate cell-mediated immunity. Pure Interleukin I has 
been produced in large quantities and ts undergoing clinical trials 
in patients with the cell-mediated immune deficiency associated 
with AIDS. This seems like a logical place to begin clinical in- 
vestigation with this compound. as lymphocytes from patients 
with AIDS have been shown to have a deficiency of Interleukin 
Il production. Interleukin I also has potential value in the treat- 
ment of a variety of other human discases. particularly viral. 
fungal, and mycobacterial infections. 

Not only do interleukins seem to be potentially useful for treat- 
ment in diseases where cell-mediated immunity +s deficient. but 
they may also play a part in disease pathogenesis. In recent 
studies of sarcoidosis. lung lymphocytes recovered from pa- 
tients with active interstitial lung discase produced abnormally 
high levels of Interleukin 1. This provides the first good ex- 
planation for the proliferation of lung T lymphocytes and the 
hy pergamma-globulinemua that originates at the lung level in 
sarcoidosis. Another intericukin, termed *‘alveolar macrophage- 
derived growth factor.” seems to be distinct from Interleukin 
| (leukocyvie-activating factor) produced by perpheral blood 
macrophages. The former has been tound to be released spon- 
tancously trom alveolar macrophages obtained by lung lavage 
from patients with interstitial pulmonary fibrosis. Also. this 
compound has fibroblast growth-promoting activity and thus 
provides a plausible explanation for the increased fibroblast ac- 
nvity and dense pulmonary fibrosis associated with this disease. 
The stimulus initiating production of this compound ts yet to 
be identified. 

Decreased production of Interleukin I is but one of a host 
of mmunologic abnormalities noted in patients with AIDS. As 
anew disease, AIDS has occupied center stage position in im- 
munologic investigation over the past several years. Not only 
is there an urgency to find the cause and cure. but there ts also 
an unprecedented opportunity to study microbial and tumor host 
defense mechanisms at a time when a variety of new tools, in- 
cluding monoclonal antibodies that identify subsets of human 
leukocytes, are available. AIDS patients. usually from homose.- 
ual, hemophiliac, or intravenous drug user groups. have a 
disease that appears to be transmitted by semen and blood. The 
clinical manifestations can include syndromes varying from 
asymptomatic lymphadenopathy to wasting disease with oppor- 
tumistic infection and or malignancy. The complicating infec- 
tions are in many cases similar to those experienced by patients 
with congenital deficiencies of cell-mediated immunity. For in- 
stance. the DiGeorge syndrome and AIDS both are associated 
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with decreased numbers and function of T helper inducer 
Inmphocvies. Now that most of the immunologic abnormalities 
present have been characterized. major efforts are directed at 
understanding the mechanisms that may cause the disappearance 
om these cells trom the pempheral blead and the polation and 
charactenzation of the sexually transmitted agentis) that cause 
the discase 

Newer findings at the cellular level are also providing valuable 
climeal information in immediate hypersensitivity diseases. For 
imstance. the mast cell-hasophil cell series so central to discases 
of ummediate hypersensitivity has been found to produce not 
only such tamuliar beactive amines as histanune, but also new |y 
discovered cell-membrane-denved arachidonic: acid metabolites 
with powerful inflammatory actions. The cycloow genase 
pathway of acachideme acid metabolism produces the pros 
taglandin tamuly of compounds and the lipow genase pathw ay 
produces the leukotriene family. Prostaglandins of the F-series 
are potent bronchoconstrictors as are certain leukotnenes. which 
are especially effective in increasing Vascular permeability and 
attracting inflammatory cells into tissues. Perturbations of the 
normal levels of these compounds in tissues, such as may o¢ 
cur in some asthmatics after aspirin ingestion or prostaglandin 
infusion for Ob wtrcal purposes, may result in acute bron 
chospasm. The production of these arachidonic acid metabolites 
is generally decreased by corticosteroids and may explain the 
salutory cffects of corticosteroid treatment in chronic allergic 
diseases like bronchial asthma. An understanding of the cflects 
of these compounds on human tissues ts also changing older 
concepts of allergy. such that we now realize that the release 
of mast cell-derived mediators may result in clinical events that 
last not yust for minutes but for many hours. Thus. certain 
leukotriene compounds liberated trom lung mast cells seen to 
be logical candidates as mediators of severe nocturnal bron 
chospasm, which frequently occurs six to cight hours after 
allergen inhalation, and the late. so-called. “second wave or 
recurrent anaphylactic reactions, which occur after a single 
allergen cxposure 

Mast cell-derived chemotactic factors are also being recog 
mized as umpertant in human discases. Earher studies. which 
showed an imerecase in skin or respiratory tract cosinophils after 
cutaneous or respiratory allergic reactions, respectively. have 
been supplemented with a more complete analysis of the cellular 
ettects of mast cell. and basophil derived IgE-mediated events 
Chemotactic factors for neutrophils and cosinophils, ther 
biologie effects. and their importance in disease pathogenesis 
are now better understood. It seems likely that mast cells and 
their Vanious chemotactic factors, acting at the host-environment 
imMertaces in the skin, respiratory tract. and gastrointestinal tract. 
provide a sensitive defense system for first contact of the host 
with parasitic organisms and foreign particulate matter, When 
mast cells are activated. there occurs not only the classic 
vasopermeability and smooth muscle vasoconstrictor effects 
mediated by arachidenn acid metabolites and boamines, but 
also the generation of chemotactic factors. These lactors attract 
and facilitate the ingress of phagocytes into sites of antigen 
deposition so as to dispose of the foreign maternal. If, on the 
wher hand. mast cell strmulation ts excessive in degree of per 
sistent, excessive mast cell mediators and chemotactic factors 
may be responsible for continuing inflammation. This 
mechanism most likely explains the inflammatory cell infiltrate 
in the bronchial wall of patients with status asthmaticus, the 
engin of which has been a long-standing mystery 
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APPLICATIONS OF TECHNOLOGY 


Realization of the practical results of these fundamental studics 
is. tor the most part. stil te come However. the applications 
that have devcloped amply yustily the expectation that these ad 
vances will have «a proteund effect on the understanding and 
treatment of discase sates. Hybridoma technology. for cvam 
ple. already has supphed a vancty of clinically usctul reagents 
Its value and potential has been recognized by the Award of 
the Nebel Prize in Medicine tor 1984 to Drs Cesar Milstein 
and Georges JF Reohies 

The commercially available ORT senes of moneclonal anti 
tantics can ctfectivels distinguish human penpheral blood 
Iwmpheacvies on a tunctieonal or differentiated basis Human 
helper and suppresser TP Ivmphoostes. distinguished bv these 
antibodies have been emploved in the climecal diagnoses of 
vanous mmmunologic disenders Acute lymphoblastic leukemias 
have been characternived on the basis of differential expression 
™M ORT detined antigens. and abnormal T cell levels have been 
detected in patients with muluple sclerosis and systemic lupus 
emthematosus Promising results are appearing with the use of 
monoclonal antibodies as diagnostic and therapeutic agents mn 
viral infections Monoclonal antibodies against influenza and 
rabies viruses have been tound to detect scrologi differences 
between relates indistiinguishable by previously available 
diagnostes antisera Monoclonal ante rabies antibodies have been 
demonstrated to be dramatically cilective in protecting muce 
agaist lethal infections 

Monoclonal antibodies also have the potential to improve the 
diagnosis and treatment of cancer) Antibodies against tumor 
assocnited antigens are bemy descloped tor maging small 
tumors and have been administered climcally in the treatment 
of tumers Such antibodies have also been conjugated to towns 
ow ovtotons drugs and have been used to treat targeted: ox 
permmental tumors itis reasonable to expect that. in the neat 
future, apphioatens of bybridema technologs tor clinical 
diagnosis will be extensive and will offer extremely usctul ap 
proaches to therapy of a sanety of pmmunologic. infectious. 
and neoplastic discases 

At the more basic level, monoclonal antibodies have been 
emploved tor study of biologically important molecules that 
previously had escaped detection, such as differentiation an 
tigens on Ivmphoovtes that help to distinguish different stages 
of cell development and to detine subsets that perform discrete 
functions It now os possible to phenotype the surface antigens 
om all cell lineages. These reagents provide new avenues tor 
dissecting molecular aspects of rnmmunoglobulins. such as the 
nature of the antigen-combining site and the three dimensional 
structure of the antibads molecule New gene products also have 
been detected) As an cxample. the human class Tl major 
histacompanibility comple. antigens, associuited with mercased 
susceptibility to such discases as rheumatoid arthritis, puvenile 
diabetes. and multiple sclerosis, were poorly defined beton: 
monoclonal antibodies were available The different loc and 
alicles tor these antigens are being enumerated in the human 
and. as a result, new discase associations are being desorbed 


INTERACTIONS AND EXCHANGES 


Discussions between US) and Japanese investigators have 
been Sigerous and extensive at recent: Board sponsored 
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workshops and clearly support the use of this meeting tormuat 
as avery cifective means for exchange of scicatitic opinion and 
information and tor establishing trunttul co.laborations 

Mt their recent point meetings. the CS) and Japanese Im 
munologs Board members have reviewed current and planned 
luture acuivities designed to Lacilitate the exchange of research 
materials and information betwcen the two countries. The 
Boards endorsed the continued availability of hybridoma cell 
lines trom banks maimtained at the Amencan [ype Culture Co! 
lection and supported by the National Institute of Allergy and 
Infectious Diseases and the National Cancer Institute In adds 
tion. the establishment of a Genetic Sequence Data Bank. sup 
ported by the Natronal Institute of Allergy and Infectious 
Diseases as Well as other components of the National Institutes 
of Health and other US. Government agencies. was noted This 
resource serves a reposators for all published nuclen acid se 
quences greater than SO nuclcotides in length. the sequence data 
are available to the international scientific Community on com 
puter readable magnetic tape or by limited on-line access. Also 
available tor investigators are rescarch reagents mamtained in 
hanks supported by the National Institute of Allergy and Intex 
tious Diseases. which include evtensive collections of antisera 
directed against murine H-2 antigens and cell surtace allo 
antigens, human histocompatibility antigens. and a variety of 
allergens and allergenic extracts 

The Boards also encouraged the desclopment of a computer 
hased Hybridoma Data Bank which will store and distribute in 
lormation on the cxvmstence and availability of hybridomas and 
their products. A network of computer centers. sharing data 
sored on magnetic tape. os borng established to respond by mau! 
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lounquinics from investigators. The Bank's central operations 
are located at the American Ivpe Culture Collection 
ment has heen reached to establish a computer center in Japan 
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1 furnish service to the entire Far bast and negotiations ar 


Phas effort is 
homing supported younth by the International Unmon of tm 


iN pracess to place a simular center in kurope 


munologic Societies. the Commutice on Data tor Science and 
lechnologs of the International Council of Scientific Uniens 
the World Health Organization. and relevant screntitic agen 
ces of several national governments. including Japan and the 
lL nited States 


FUTURE GOALS 


The highly wnteractive and successful activities of the Im 
munelogs Board during its relatively short history indicate that 
its broad goals and guidelines were well founded and require 
lithe or ne madiiication. The Board. subsequently. intends to 
vigerously support and cncourage its obyectives for the future 
The roundtable and workshop formats for point conferences 
cHective in both promoting exchanges of information and 
devscloping collaborative cttorts. will be continued. Similarly 
the acquisition of research resources and reagents to Laciitate 
research ctforts will receive continued encouragement and en 
Vt carher meetings. the Board recognized the merits 
moan exchange system between investigators in OS) and 


dorscment 


Japanese Laboratones and will continue to endorse the dev clop 
mentiot amechanimsm which would mmplement and support such 


| plan 
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Joint Scientific Conferences 


IMIMUt NOLOGY BOARD 


Date. May 11-13. 1982 


Place. Bethesda. Maryland 

Summary. The first official point conference of the newly 
formed Immunology Boards was held on the NIH campus and 
was concerned with “ Apphcations of Recent Advances in Fun- 
damental Immunology to the Study of the Human Immune 
Response ~~ The conference was organized into four scientific 
sessions, cach contammg four survey presentations. and a fifth 
session, devoted to a round table discussion of new approaches 
in human immunology. Topics discussed i the scientific ses 
sions included molecular and functional studics of important 
genes of the human immune system. monoclonal antibodies in 
the diagnosis and treatment of human discase. growth factor 
action in human cells. and long-term cell lines and somatic cell 
hybrids 


Date: August 21. 1983 


Place. Kyoto, Japan 

Summary. Iminediately betore the Fifth International Congress 
of Immunology . the Boards sponsored a one-day workshop. con 
cerned with B cell activation and differentiation factors, which 
was attended by approximately 40 investigators. principally 
trom the United States and Japan. Tne workshop led to the 
development of a uniform nomenclature for the lymphokines 
that regulate the activation, growth. and differentiation of B 
lymphocytes. approaches for exchange of materials. and the 
establishment of collaborative studies of materials between par 
ticipating laboratories in the United States and Japan, so that 
more rapid progress can be made in defining these biologically 
important lymphocyte products 
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Date. August 28-31, 1983 


Place. Susono City. Japan 

Summary. Immediately following the Fifth International 
Congress. the Boards sponsored a 3-day meeting which was 
organized as a workshop on newer technologies for application 
m mmmunologe research. Approximately 45 Japanese im 
munologists. working at either the post-dactoral or pumior faculty 
level. were selected by the Japanese Immunology Board to at 
tend the workshop: 10 U.S. and & Japanese senior im 
munologists served as “faculty ~~ Topics for extensive discus. 
son included Iymphocyitc growth and differentiation factors. 
immunoregulatory factors. ummunogenctics and molecular 
genetic technology . and ontogeny and differentiation of B and 
T cells 


Date January 23-25, 19858 


Place. Stantord. Califorma 

Summary. Immediately following the Midwinter Conference 
of Immunologists. the Boards sponsored a two and one-half day 
workshop or “Lymphocyte Receptors and Growth Regulation” 
on the University campus. The meeting was organized into five 
round-table sessions, devoted to the topics of lymphocyte dif 

ferentiation, Iymphocyte recognition mechanisms, chemistry of 
lymphocyte receptors. molecular ology of antigen binding and 
growth factor receptors. and growth regulation of lymphocytes 

Approximately 40 investigators attended th: meeting: 17 US 

and 9 Japanese participants served as speakers 











U.S.-Japan Cooperative Medical Science Program 


History of Program Activities 


Program Activity Initiated Completed 


Mecting of Prime Minister 
Sato and President 


January 12-13. 1965 
Washington. D_C 





Johnson 
Jom Planning April 19-21. 1965 
Committee Mecting (Tokyo) 
First Joint Committee October 4-7. 1965 
Mecting and Panels’ Honolulu 
Conference 
Subcommiuttce on Program 1970 
Review and Planning (Tokyo) 
Environmental 
Symposium (Tokyo) 1972 
Environmental Pane! 1972 
Second Five Year Report 1974 197s 
Binational Symposium (Tokvo) 1976 
Hepatitis Symposium (Tokyo) 197s 
Hapatitis Panel 1979 
Third Five Year Report 1979 1980) 
1975-1980 
Immunology Symposium (Tokyo) }9R0) 
Immunology Board 198 | 
Parasitic Diseases (Bethesda) 19K 3 
Symposium 
Fourth Five Year Report 1984 }9RS 
1980-1985 
Malnutrition Symposium (Bethesda) 19RS 
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History of Panel Reviews 


1971-1985 


Panel Reviews" Initiated 
Lepress and Parasax ~ 
‘ cTa lubhotrouhksn ~ 
Malautrdaen and Vira jVw73 
Lepross and Tuherculosn 1976 
Voeral and Parasatx iw” 
Environments jV7s 
Cheicra and Malautraan ivy 
Lepross and Parasia IVS] 
Viral Deseasecs and Tuberculosis iYRX> 
Hepatitrs and binw or nem }Vald 
\ualnautrition ‘i 
’ oo . s . ; 





Completed 
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